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Scheme 1-1. Quinine mediated asymmetric Michael reaction 
 
1 1976 1-5





Scheme 1-2. Mukaiyama-Michael reaction 
 

































Scheme 1-3. Chiral ligand and Co(acac)2 mediated asymmetric Michael reaction 
 
10 1994 BINOL º





Scheme 1-4. BINOL and La(Oi-Pr)3 medataed asymmetric Michael reaction 
 
1979 Trost 1-3 1-12
hirsutic acid C 1-14 Scheme 1-5 7)  
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1982 Woodward º 1-16 º /
erythromycin A 1-17 Scheme 1-6 8)  
 
 
Scheme 1-6. Total synthesis of erythromycin A 
 
2000 Corey º 1-20 a,b- 1-18
º 1-19 baclofen 1-22
Scheme 1-7 9)  
 
 








































































CsF, Toluene, -40 ºC
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Scheme 1-8. Three-pot synthesis of prostaglandin E1 methyl ester 
 
2016 º 1-31
1-29 º 1-30 Oseltamivir 1-
33 1 60 Scheme 1-9 18)  
 
 





































































1-pot & 60 min synthesis
15% overall yield
1-31
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2017 º 1-36 º
1-34 a,b- 1-35 /
estradiol methyl ester 5 Scheme 1-10 19)  
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Scheme 1-11. Diphenylprolinol silyl ether mediated asymmetric Michael reacton using nitromethane 
 
2007 Jørgensen º 1-44 a,b-
1-40 º 1-43


























































up to 90% yield
up to 95% ee
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Scheme 1-12. Diphenylprolinol silyl ether mediated asymmetric Michael reacton using dibenzyl malonate 
 
º a,b-


























up to 94% yield




























































 - 12 - 
a,b- 1-50
1-51 Scheme 14 23) º
1-31 a,b- 1-50 1-53



















(triisopropylsilyl)but-3-yn-2-one 1-56 a,b- 1-40
Scheme 1-15
HMG-CoA methyl (3R, 5S)-3,5-isopropylidenedioxy-6-
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Scheme 1-15. Asymmetric Michael reaction between a,b-unsaturaed aldehyde and alkynyl ketone 
 
º 1-36 a,b- 1-
59 a,b- 1-40 /
º Scheme 1-16  
 
 
Scheme 1-16. Asymmetric domino Michael/ Michael reaction to provide multi-substituted cyclopentanone 
 
Corey 1-62 152 25)
Scheme 1-17  
 
 
Scheme 1-17. One-pot & 152-minutes synthesis of enantiopure Corey lactone 
 



















up to 78% yield























up to 90% yield
single isomer





80 ºC, 15 min
p-nitrophenol, H2O








































1-pot & 152min synthesis
50% overall yield
1-25





Scheme 1-18. Seven-pot synthesis of enantiopure latanoprost 
 
º 1-67 7 17% 27)
Scheme 1-19  
 
 
Scheme 1-19. Seven-pot synthesis of chiral clinprost 
 
º 1-36 a,b-
1-40 3-hexene-2,5-dione 1-68 /
cis-hydrindane 1-69
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Scheme 1-20. One-pot synthesis of chiral cis-hydrindanes via diphenylprolinol silyl ether mediated domino 
reaction and aldol condensation 
 
º a,b- 1-
40 diethyl 2-(2-oxopropylidene)malonate 1-70 /
º 1-71
Scheme 1-21  
 
 
Scheme 1-21. Asymmetric domino Michael/ Michael reaction to provide multi-functional cyclopentanone 
 
º 1-31 (cyclohexa-1,5-























 H2O (3.0 equiv)
i-PrOH, rt, 24 h;
evaporation
TsOH·H2O (20 mol%)
Toluene, 80 ºC, 5 h
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Scheme 1-23  
 
 
Scheme 1-23. Asymmetric domino Michael/Michael reaction to construction of an bicyclo[2.2.2]octanone 































i-PrOH, reflux, 8 h;
Ph3P=CHCO2Et
EtO2C
up to 78% yield
single isomer





















4-dimethylaminobenzoic acid (40 mol%)
 H2O (3.0 equiv)
i-PrOH, 50 ºC
up to 81% yield
single isomer
up to >99% ee
1-31
1-751-74 1-40
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Scheme 2-1 1) º 2-











2-2 (S)- º 2-3 (R)-2-(methoxymethyl)pyrrolidine 2-
8 (5R,2S)- 2-7 syn:anti = 5:1 Eq. 2-1
(R)- º 2-3 (R)-2-(methoxymethyl)pyrrolidine 2-8
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9 2-10 2-11 Figure 2-1  
 
 
Figure 2-1. Enamine, enol and enolate 
 
2,6- 3)2-12
2-13 º[3.3.1] 2-16 57%
Scheme 2-3
2-16 a




















EtOH/Toluene (4/1), rt, 30 h;
Ph3P=CHCO2Et
68% yield



























EtOH/Toluene (4/1), rt, 30 h;
Ph3P=CHCO2Et
70% yield
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Scheme 2-3. Equimolar reaction between enamine 2-12 and iminium salt 2-13 
 
2-12 1-methoxycyclohex-1-ene 2-17 1-(trimethylsiloxy)cyclohex-




Scheme 2-3. Equimolar reaction between iminium salt 2-13 and compound 2-17 or 2-18 
 
TASF4) 2-12 1-(trimethylsiloxy)cyclohex-1-ene 2-18



































































CH2Cl2, -30 °C, 1 h;
Ph3P=CHCO2Et
80% yield
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Et3N
2-7 71% syn:anti = 5:1 98% ee Scheme 2-4  
 
 
Scheme 2-4. Diphenylprolinol silyl ether and Et3N catalyzed asymmetric Michael reaction 
 
DMSO º a º
26.4 5) Et3N·H 9.00 6) Et3N
º H2O º




ESI-MS Eq. 2-3 Figure 2-2 º p- nitrophenol
Figure 2-2 red line i-Pr2NEt p- 
nitrophenol Figure 2-2 green 
line
p- nitrophenol Figure 
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Figure 2-2. Generation of deuterated substrates in eqn (2-3), green: i-Pr2NEt and p-nitrophenol, red: 
pyrrolidine and p-nitrophenol, blue: p-nitrophenol, yellow: i-Pr2NEt. 
 


































R3N = i-Pr2EtN, HOAr = p-HOC6H4NO2
R3NH   ·   OAr
NR3
HO NO2+ i-Pr2EtN  i-Pr2EtN·H OAr
pKa = 11.1 pKa = ~ 10.95
OAr
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Schem 2-6 º
2-3 a,b- 2-1 p- nitrophenol
2-20 2-2
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3-1 Scheme 3-1   
 
 
Scheme 3-1. Diphenylprolinol silyl ether catalyzed asymmetric Michael reaction using alkynyl ketone 
 
3-1 3-5  
Table 3-1 Table 3-1, entries 
1 to 4 NMR
º 1,4-
Figure 3-1, A º
Figure 3-1, B TIPS 4-(triisopropylsilyl)but-3-yn-2-one
3-6 23% Table 3-1, entry 5
4-(triisopropylsilyl)but-3-yn-2-one
3-7 26% p-nitrophenol
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Table 3-1. Screening of asymmetric Michael reactiona 
 
Entry R p-nitorophenol 
(X mol%) 
Time (h) Yield b of 9 (%) Yield b of 10 (%) 
1 p-NO2-C6H4- 100 12 <5 0 
2 o-NO2-C6H4- 100 12 <5 0 
3 Ph 100 12 <5 0 
4 TES 100 12 <5 0 
5 TIPS 100 2 21 26 
6 TIPS 50 2.5 42 7 
7 TIPS 10 3 69c 0 
a Unless otherwise shown, reactions were performed by employing a,b-unsaturated aldehyde 3-5 (0.18 
mmol), ketone 3-1 (0.15 mmol), organocatalyst (0.030 mmol), water (0.45 mmol) and p-nitrophenol 
(indicated amount) in EtOH (0.60 mL) at room temperature for the indicated time. b Isolated yield. c 95% 
ee. Enantiomeric excess (ee) of the products, as determined by HPLC analysis over a chiral solid phase 
after conversion to a,b-unsaturated ester by the treatment with Ph3P=CHCO2Et. 
 
 
Figure 3-1. Sterically effect of alkynyl ketone 
 
Table 3-2 a,b-
b Ph Table 3-2, entry 2
Table 3-2, entries 3 to 5
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Table 3-2, entry 8  
 
Table 3-2. Substrate scopea 
 
Entry R Time (h) Yield b (%) Ee c (%) 
1 Ph 3 69 95 
2 p-OMe-C6H4 24 68 95 
3 p-Br-C6H4 2 61 94 
4 m-Br-C6H4 2 64 95 
5 o-Br-C6H4 2 70 95 
6 2-furyl 30 78 94 
7 SiMe2Ph 12 71 98 
8 Me 24 55 76 
a Unless otherwise shown, the reaction was performed by employing aldehyde (0.18 mmol), ketone 3-8 
(0.15 mmol), organocatalyst (0.030 mmol), p-nitrophenol (0.015 mmol), water (0.45 mmol) in EtOH (0.60 
mL) at room temperature for the indicated time. b Isolated yield. c Enantiomeric excess (ee) of the products, 
as determined by HPLC analysis over a chiral solid phase after conversion to a,b-unsaturated ester by the 
treatment with Ph3P=CHCO2Et. 
 
HMG-CoA 4)
methyl (3R, 5S)-3,5-isopropylidenedioxy-6-heptynoate  
4-(triisopropylsilyl)but-3-yn-2-one 3-8 3-(dimethylphenylsilyl)propenal 3-9
3-10 71% 98% ee Scheme 3-2
3
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Scheme 3-2. Asymmetric Michael reaction between ketone 3-8 and aldehyde 3-9 
 
Table 3-3 (-)-DIPCl5) 62% syn:anti 
= >20:1 Table 3-3 entry 1 L-selecride®
58% syn:anti = >20:1 Table 3-3 entry 2 BH3•(t-
BuNH2) 81% syn:anti = 1:1 Table 3-3 entry 3 THF
NaBH4 75% syn:anti = 2:1 Table 3-3 entry 4
MeOH NaBH4 88% syn:anti = >20:1
Table 3-3 entry 5 NaBH4 EtOH































0 ºC, 2 h
MeI (3.0 equiv)
K2CO3 (4.5 equiv)
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Solvent Temp. (ºC) Time (h) Yield b 
(%) 
syn:antic 
1 (-)-DIP-Cl (2.0) THF -20 2 62 >20:1 
2 L-Selectride® (1.0) THF -78 4 58 >20:1 
3 BH3•(t-BuNH2) (1.0) CH2Cl2 0 8 81 1:1 
4 NaBH4 (3.0) THF 0 6 75 4:1 
5 NaBH4 (3.0) MeOH 0 2 88 >20:1 
6 NaBH4 (3.0) EtOH 0 2 90 13:1 
7 NaBH4 (3.0) i-PrOH 0 4 70 6:1 
a Unless otherwise shown, reactions were performed by employing ketone 3-12 (0.10 mmol), and reductant 
(indicated amount) in indicated solvent (0.30 mL) at indicated temperature for the indicated time. b Isolated 
yield. c Ratio of syn:anti was determined by 1H-NMR. 
 
Felkin-Ahn6) Fleming







Figure 3-2. Transition state of stereoselective reduction 
 
TIPS 3-






























Scheme 3-3. Stereoselective reduction of ketone 3-20 
 
methyl (3R, 5S)-3,5-isopropylidenedioxy-6-







NaBH4 3-14 - 11)
TIPS -
3-14 TIPS PhMe2Si Si-Ph Si-F





MeOH, 0 ºC, 1 h
OH SiMe2Ph
CO2Me
syn:anti = 3:13-20 3-21
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Scheme 3-4. Two-pot synthesis of methyl (3R, 5S)-3,5-isopropylidenedioxy-6-heptynoate (3-19) 
 
Scheme 3-5 methyl 




























Et2O/MeOH(4/1), rt, 15 min;
evaporation
TBAF (2.0 equiv)





CH2Cl2, 40 ºC, 2 h;




aq. H2O2 (3.0 equiv)
THF/MeOH (1/1)
40 ºC, 1 h
NaBH4 (3.0 equiv)








































Five reaction steps in one-pot  sequence










Lindlar catalyst (10 wt%)
quinoline(1.0 equiv)




[α]28D = -2.9 (c = 1.0)
lit.  [α]20D = -2.8 (c = 1.4)
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methyl (3R, 5S)-3,5-isopropylidenedioxy-6-
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Córdova a,b- 4-1 methyl (E)-5-nitropent-2-enoate 4-2
/ º
3) Eq. 4-1 Ma a,b- 4-1 triethyl 3-oxobut-1-ene-1,1,4-tricarboxylate
4-4 / º


























































Scheme 4-2. A working hypothesis of asymmetric domino Michael/Michael reaction 
 
/ Table 4-1 i-PrOH
º (E)-3-
(dimethyl(phenyl)silyl)acrylaldehyde 4-10 ethyl (E)-4-oxopent-2-enoate 4-5
º 4-11 62% Table 4-1 entry 1
2,4,6-Trichlorophenol 4-11 52%
Table 4-1 entry 2 p-Nitrophenol 4-11 65% Table 
4-1 entry 3 p-nitrophenol
1.0 M 4-11 82% Table 4-1 entry 4 2.0 M
4-11 83% Table 4-1 entry 5 4.0 M 4-11
85% Table 4-1 entry 6 8.0 M 4-11 78%
Table 4-1 entry 7 4.0 M
10 mol% 4-11 85% Table 4-1 entry 8 5 mol%
4-11 90% Table 4-1 entry 9 2.5 mol% 4-
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Time (h) Yield b (%) 
1 10 PhCO2H 0.25 24 62 
2 10 2,4,6-trichlorophenol 0.25 24 52 
3 10 p-nitrophenol 0.25 24 65 
4 10 p-nitrophenolc 1.0 6 82 
5 10 p-nitrophenolc 2.0 4 83 
6 10 p-nitrophenolc 4.0 3 85 
7 10 p-nitrophenolc 8.0 2 78 
8 10 p-nitrophenol 4.0 1 85d 
9 5 p-nitrophenol 4.0 8 90d 
10 2.5 p-nitrophenol 4.0 24 79d 
a Unless otherwise shown, reactions were performed by employing α,β-unsaturated aldehyde 4-10 (0.15 
mmol), ketoe 4-5 (0.18 mmol), organocatalyst (X mol%) and acid (1.5 mmol) in i-PrOH (Y M) at room 
temperature for the indicated time. b Isolated yield. c Acid (0.75 mmol). d With >99% ee. Enantiomeric 
excess (ee) of the products, as determined by HPLC analysis over a chiral solid phase after conversion to 
a,b-unsaturated ester by the treatment with Ph3P=CHCO2Et. 
 
Table 4-2 a,b- b
Table 4-2 entry 1 Table 4-2 entry 2 Table 4-2
entries 3 and 4 Table 4-2 entries 5 to 9 º Table 4-2
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Table 4-2. Substrate scope of asymmetric domino Michael/Michael reactiona 
 
Entry R Time (h) Yieldb (%) Drc Eed (%) 
1 Phenyl 10 98 >98:2 >99 
2 2-Naphyl 6 84 >98:2 >99 
3 p-Me-C6H4 12 91 >98:2 >99 
4 p-MeO-C6H4 15 88 >98:2 >99 
5 p-F-C6H4 6 81 >98:2 >99 
6 p-Cl-C6H4 5 85 >98:2 >99 
7 p-Br-C6H4 4 83 >98:2 >99 
8 m-Br-C6H4 4 74 >98:2 >99 
9 o-Br-C6H4 7 82 >98:2 >99 
10 2-Furyl 24 80 >98:2 >99 
11e SiMe2Ph 1 85 >98:2 >99 
a Unless otherwise shown, reactions were performed by employing a,b-unsaturated aldehyde (0.15 mmol), 
ketone 4-5 (0.30 mmol), organocatalyst (0.015 mmol), water (0.45 mmol) and p-nitrophenol (0.15 mmol) 
in i-PrOH (0.075 mL) at room temperature for the indicated time. b Isolated yield. c Diastereomer ratio (dr) 
was determined by 1H-NMR analysis of a crude mixture. d Enantiomeric excess (ee) of the products, as 
determined by HPLC analysis over a chiral solid phase after conversion to a,b-unsaturated ester by the 
treatment with Ph3P=CHCO2Et. e Ketone 4-5 (0.18 mmol) was used. 
 
Scheme 4-3 º
4-3 a,b- 4-1 p- º
4-13 ethyl (E)-4-oxopent-2-enoate 4-5
4-14 p- º Brønsted
º a º
Brønsted ethyl (E)-


















i-PrOH (4.0 M), rt, time
4-12
4-3
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Scheme 5-1. Corey’s synthetic route of chiral Corey lactone 
 
º a,b-
5-2 a,b- 5-3 /































































Scheme 5-2. Asymmetric domino Michael/Michael reaction catalyzed by diphenylprolinol silyl ether 
 
Corey a,b- b
º b a,b- /
Figure 5-1 SiMe2Ph b
a,b- 5-6 /
º 5-7 85% >99% ee Scheme 5-3  
 
 
Figure 5-1. Several a,b-ansaturated aldehydes 
 
 
Scheme 5-3. Asymmetric domino Michael/Michael reaction using a,b-ansaturated aldehyde 5-6 
 
Corey Scheme 5-4
º ent 5-4 (E)-3-















































i-PrOH (4.0 M), rt, 8 h
85% yield
single isomer, >99% ee 5-7
5-4
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5-10 91% Si-Ph Si-F ClCH2CH2Cl
aq. HBF4 5-11 5-11
Si-F Si-OH - 8)














aq. HBF4 (10 equiv)
ClCH2CH2Cl









aq. H2O2 (10 equiv)
KF (10 equiv)
DMF
40 ºC, 1 h
86% yield (2 Steps)
2 N HCl
























i-PrOH (4.0 M), rt, 8 h
85% yield
single isomer, >99% ee
ent-5-4
HO
THF, rt, 1 h
82% yield
Total yield: 58%
Total reaction time: 900 min
Four purifications
Five pots
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Scheme 5-5 º ent 5-4 (E)-3-
(dimethyl(phenyl)silyl)acrylaldehyde 5-6 ethyl (E)-4-oxopent-2-enoate 5-3
/ LiAl(Ot-Bu)3H
60 ºC
Scheme 5-4 aq. sat. NH4Cl






15 aq. HBF4 1) O-Li O-H
2) LiAl(Ot-Bu)3H 3) 
4) Si-Ph Si-F aq. K2CO3
Corey 5-12 152 50%
>99% ee 1 g  
 
 



















aq. H2O2 (10 equiv)
KF (10 equiv)
























i-PrOH (4.0 M), rt, 60 min
ent-5-4
RO
THF, 60 ºC, 15 min
Total yield: 50%
Total reaction time: 152 min
One purifications
One pot
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Figure 6-1. Structure of latanoprost (Xalatan®) 
 
º
º 6-2 10 Corey 6-3 14
º 6-1 2) Scheme 6-1  
 
 
Scheme 6-1. Pfizer’s synthetic route of latanoprost 
 
2015 Aggawal º 3) Scheme 6-2
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Scheme 6-3 º 6-1 a 6-
6 Wittig 5) 6-6 C11 -
w 6-8 Horner-Wadsworth-Emmons HWE
6)
º º





Scheme 6-3. Retrosynthesis of chiral latanoprost 
 
º Scheme 6-4 º
6-9 ethyl (E)-4-oxopent-2-enoate 6-10 (E)-3-
(dimethyl(phenyl)silyl)acrylaldehyde 6-11 /
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º 6-1 7 25%  
 
 














































 -78 ºC, 2 h
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Corey 7-3
º[3.3.0] 6 7-2
5) Scheme 7-1  
 
 








R = Me: clinprost (7-1)
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7-4 º[3.3.0]











Schme 7-3 º 7-1 C11
7-5 - 8) a -
9) w Horner-Wadsworth-Emmons 10) endocyclic
7-6 a,b- 1,4- º[3.3.0]
Schme 7-3 route A
º[3.3.0] Horner-Wadsworth-Emmons
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Scheme 7-3. Retrosynthesis of chiral clinprost 
 
º[3.3.0]
Schme 7-3 route A Scheme 7-4 º
7-1411) 3-hexene-2,5-dione 7-8 3-(dimethylphenylsilyl)propenal 7-12
/ º 7-15
87% 96% ee º 7-15
7-16 85%  
 
 
Scheme 7-4. Synthesis of intramolecular aldol condensation precursor 
 

































































CH2Cl2, 0 ºC, 5 h
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KOH Table 7-1 entry 1




Table 7-1. Screening of intramolecular aldol condensationa 
 
Entry Reagent (X equiv) Solvent Temp.  Time (h) Result 
1 KOH (5.0) EtOH reflux 2 Dcomposed 
2 t-BuOK (1.0) t-BuOH rt 12 No reaction 
3 L-Proline (1.0) DMSO rt 12 No reaction 




ClCH2CH2Cl reflux 12 No reaction 
a Unless otherwise shown, reactions were performed by employing ketone 7-16 (0.10 mmol) and reagent 
in solvent (0.30 mL) at room temperature for the indicated time. 
 
Horner-Wadsworth-Emmons º[3.3.0]
13) Schme 7-3 route B Schme 7-5 º
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Horner-Wadsworth-Emmons
º[3.3.0] 7-23 86% 7-18
L-selectride® a,b- 7-23 1,4-
endocyclic 7-24 7-24
McMurry 14) 7-25 72%
- 7-26 93% 7-26
Horner-Wadsworth-Emmons 7-27 86%
7-27 Si-Ph Si-F 7-27
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Scheme 7-5. Failed synthesis of clinprost 
 
º ethyl (E)-4-
oxopent-2-enoate 7-11 (E)-3-(triphenylsilyl)acrylaldehyde 7-29
/ Table 7-2, entry 1 i-
PrOH (E)-3-(triphenylsilyl)acrylaldehyde 7-29
THF Table 7-2, entry 2 DMF
Table 7-2, entry 3 Toluene
61% 30% Table 7-2, entry 4 CH2Cl2
65% 27% Table 7-2, entry 5 CH2Cl2




























-78 ºC, 15 min
LDA (5 equiv)






















aq. Cs2CO3 (5.0 equiv)
 Pd(PPh3)4 (10 mol%)
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Table 7-2, entry 6 ethyl (E)-4-




1,4- Figure 7-2 A SiPh3 1,2-
Figure 7-2 B E1cB
1,2- º
Figure 7-2 C TES
79% 10% Table 7-2, 
entry 7 SiMePh2
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Table 7-2. Screening of asymmetric domino Michael/Michael reactionusing aldehyde 7-29 
 
Entry Solvent Catalyst 
(mol%) 




1 i-PrOH A (10) 24 0 0 
2 THF A (10) 24 0 0 
3 DMF A (10) 24 0 0 
4 Toluene A (10) 24 61 30 
5 CH2Cl2 A (10) 24 65 27 
6 CH2Cl2 A (20) 12 70 21 
7 CH2Cl2 B (20) 14 79 10 
8 CH2Cl2 C (20) 24 91c 0 
a Unless otherwise shown, reactions were performed by employing ethyl (E)-4-oxopent-2-enoate (7-11) 
(0.30 mmol), (E)-3-(triphenylsilyl)acrylaldehyde (7-29) (0.15 mmol) organocatalyst (0.015 or 0.030 mmol), 
water (0.45 mmol) and p-nitrophenol (0.15 mmol) in indicated solvent (0.075 mL) at room temperature for 
the indicated time. b Isolated yield. c With 96% ee. 
 
 
Figure 7-2. Effect of the silyl substituent of the catalyst: red circle, (A) PhMe2Si or (B and C) Ph3Si; blue 
circle, (A and B) Me3SiOPh2C- or (C) Ph2MeSiOPh2C- 
 
º ethyl (E)-4-oxopent-2-enoate 7-11
(E)-3-(triphenylsilyl)acrylaldehyde 7-29 /










































7-33 79%  
 
 
Scheme 7-6. Synthesis of compound 7-33 
 
º 7-1 º





86% L-selectride® 1,4- McMurry
7-40 71% - 7-41
82% 7-41 Horner-Wadsworth-Emmons
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-78 ºC, 15 min
LDA (5.0 equiv)
 -78 ºC, 1 h

































































aq. Cs2CO3 (5.0 equiv)
 Pd(PPh3)4 (10 mol%)







DMF, 80 ºC, 2 h
KF (10 equiv)
aq. H2O2 (10 equiv) MeI (3.0 equiv)
DMF, 80 ºC, 10 min
81% yield
















THF, rt, 1 h
81% yield
(-)-DIP-Cl (4.0 equiv)



























































(x,y) = (0,3), (1,2), (2,1)
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/ cis-hydrindanes  
 










bicyclo[3.3.0]octenone 8-5 Scheme 8-1 path A




Scheme 8-1. A working hypothesis of intramolecular aldol condensation of compound 8-4 
 
º 8-3 3-hexene-2,5-dione 8-1
8-7 /
º 8-8 89% >99% ee Eq. 9-1 Tolunene
80 ºC TsOH·H2O º 8-8

































>99% ee Eq. 9-2  
 
 
Scheme 8-2. A synthesis of chiral cis-hydrindanes via domino Micahel/Michael reaction and aldol 
condensation reaction 
 
Table 8-1 a,b- b
Table 8-1 entry 1 Table 8-1 entries 2 and 3
Table 8-1 entries 4 to 8 Table 8-1 entry 9 Table 8-1




























 H2O (3.0 equiv)
i-PrOH, rt, 24 h





Toluene, 80 ºC, 5 h























 H2O (3.0 equiv)






Toluene, 80 ºC, 5 h
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Table 8-1. One pot synthesis of hydrindanes from α,β-unsaturated aldehyde 8-2 and 3-hexene-2,5-dione 
(8-1)a 
 
Entry R Timeb (h) Yieldc (%) Eed (%) 
1 Phenyl 24 61 >99 
2 p-Me-C6H4 24 53 99 
3 p-MeO-C6H4 36 54 98 
4 p-F-C6H4 20 61 >99 
5 p-Cl-C6H4 18 63 >99 
6 p-Br-C6H4 18 60 >99 
7 m-Br-C6H4 16 61 98 
8 o-Br-C6H4 14 60 96 
9 CO2Et 6 51 98 
10 SiMe2Ph 4 60 98 
a Unless otherwise shown, reactions were performed using α,β-unsaturated aldehyde 8-2 (0.15 mmol), 3-
hexene-2,5-dione (8-1) (0.30 mmol), organocatalyst 8-3 (0.023 mmol), water (0.45 mmol) and p-
nitrophenol (0.15 mmol) in i-PrOH (0.60 mL) at room temperature for the indicated time. After the 
concentration under reduced pressure, toluene (1.0 mL) and TsOH·H2O (0.060 mmol) were added at 80 °C. 
b Reaction time for the first domino reaction. c Isolated yield of hydrindane. d Determined by HPLC analysis 
on a chiral column. 
 
º 8-3 a,b-





















 H2O (3.0 equiv)






Toluene, 80 ºC, 5 h
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oxopropylidene)malonate 9-1 a,b- 9-2 /
Scheme 9-1  
 
 
Scheme 9-1. Asymmetric domino Michael/Michael reaction using diethyl 2-(2-oxopropylidene)malonate 
 
i-PrOH º diethyl 2-(2-
oxopropylidene)malonate 9-1 9-5 /
Table 9-1 A Table 9-1 entry 1
9-6 11% 9-7 21% 9-7




B Table 9-1 entry 2 9-6
17% 9-7 15% C 9-6 31%
9-7 11% Table 9-1 entry 3 C
60 ºC Table 9-1 entry 4
3)
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6 45%
9-7 100 mol%
Table 9-1 entry 6 9-6 72%
Table 9-1 entry 7 9-6 82% >99% ee
 
 
Table 9-1. Condition screening of asymmetric domino Michael/Michael reaction using diethyl 2-(2-
oxopropylidene)malonate (9-1)a 
 
Entry Catalyst Amount of PhCO2H 
(X mol%) 
Temp. (ºC) Time (h) Yieldb of  
9-6 (%) 
Yieldb of  
9-7 (%) 
1 A 20 60 10 11 21 
2 B 20 60 10 17 15 
3 C 20 60 2 31 11 
4 C 20 rt 24 no reaction no reaction 
5 C 50 rt 72 45 0 
6 C 100 rt 24 72 0 
7c C 100 rt 24 82d 0 
a Unless otherwise shown, reactions were performed by employing cinnamaldehyde (9-5) (0.15 mmol), 
diethyl 2-(2-oxopropylidene)malonate (9-1) (0.18 mmol), organocatalyst (0.015 mmol) and PhCO2H (X 
mol%) in i-PrOH (0.30 mL) at indicated temperature for the indicated time. b Isolated yield. c Diethyl 2-(2-
oxopropylidene)malonate (9-1) (0.15 mmol) was used. d With >99% ee. Enantiomeric excess (ee) of the 
products, as determined by HPLC analysis over a chiral solid phase after conversion to a,b-unsaturated 
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Scheme 9-2. A proposed mechanism of generation of side-product 9-7 
 
Table 9-2 a,b- b
Table 9-2 entry 1 Table 9-2 entries 2 and 3
Table 9-2 entries 4 to 6  
 
Table 9-2. Substrate scope of asymmetric domino Michael/Michael reaction to construct multi-functional 
cyclopentanone 9-4a 
 
Entry R Time (h) Yieldb (%) Eec (%) 
1 Phenyl 24 82 >99 
2 p-Me-C6H4 24 70 >99 
3 p-MeO-C6H4 36 65 >99 
4 p-F-C6H4 24 73 >99 
5 p-Cl-C6H4 24 71 >99 
6 o-Br-C6H4 36 61 >99 
a Unless otherwise shown, reactions were performed using α,β-unsaturated aldehyde 9-2 (0.15 mmol), 
diethyl 2-(2-oxopropylidene)malonate (9-1) (0.18 mmol), organocatalyst (0.015 mmol), water (0.45 mmol) 
and benzoic acid (0.15 mmol) in i-PrOH (0.30 mL) at room temperature for the indicated time. b Isolated 
yield. c Enantiomeric excess (ee) of the products, as determined by HPLC analysis over a chiral solid phase 
after conversion to a,b-unsaturated ester by the treatment with Ph3P=CHCO2Et. 
 
º diethyl 2-(2-
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2009 Zhen 10-3 º 10-1 º
10-2 Diels-Alder bicyclo[2.2.2]octane 10-4
4) Eq. 10-1 2009 Marco 10-6 º
10-1 10-5 /
bicyclo[2.2.2]octane 10-7 5) Eq. 10-2 2010
Jørgensen º 10-9 º 10-1
10-8 / / bicyclo[2.2.2]octane
10-10 6) Eq. 10-3  
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7)
a,b- º /
bicyclo[2.2.2]octanone Scheme 10-1  
 
 




Table 10-1 entries 1 to 5 p-nitrophenol Table 
10-1 entry 5 10-14 25%  3:1 75% 
ee Table 10-1 entries 5 to 9
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Table 10-1. Screening of asymmetric domino Michael/Michael reaction catalyzed by two secondary 
aminesa 
 
Entry Acid Solvent Time (h) Drb Yieldc (%) Eed (%) 
1 TFA i-PrOH 48 n.d. e No reaction n.d. e 
2 AcOH i-PrOH 48 n.d. e No reaction n.d. e 
3 PhCO2H i-PrOH 48 n.d. e No reaction n.d. e 
4 p-anisic acid i-PrOH 48 n.d. e No reaction n.d. e 
5 p-nitrophenol i-PrOH 72 3:1 25 75 
6 p-nitrophenol t-BuOH 72 4:1 15 86 
7 p-nitrophenol Toluene 72 n.d. e No reaction n.d. e 
8 p-nitrophenol MeCN 72 n.d. e No reaction n.d. e 
9 p-nitrophenol CH2Cl2 72 n.d. e No reaction n.d. e 
a Unless otherwise shown, the reaction was performed by employing cinnamaldehyde (10-11) (0.50 mmol), 
cyclohexanone (10-1) (1.5 mmol), organocatalyst 10-12 (0.050 mmol), 4-hydroxyproline (10-13) (0.050 
mmol), acid (0.15 mmol), water (1.5 mmol), in solvent (0.50 mL) at room temperature. b Determined by 
1H-NMR. c Yield of diastereomer mixtures. Isolated yield. d Enantiomeric excess (ee) of the products, as 
determined by HPLC analysis over a chiral solid phase after conversion to a,b-unsaturated ester by the 
treatment with Ph3P=CHCO2Et. e n.d. = not determined. 
 
8)
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Figure 10-1  
 
 
Figure 10-1. A structure of (cyclohex-1-en-1-yloxy)trimethylsilane (10-15) and (cyclohexa-1,5-dien-1-




Table 10-2 entries 1 to 6 MeOH
Table 10-2 entry 1 10-17 90% sny:anti = 6:1 98 % ee THF
Table 10-2 entry 2 i-PrOH Table 10-2 entry 3
Toluene Table 10-2 entry 4 CH2Cl2 Table 10-2 entry 5
10-17 MeCN
Table 10-2 entry 6 10-17 92%
sny:anti = 5:1 97 % ee MeCN
Table 10-2 entries 6 to 8 Table 
10-2 entry 7 10-17 97% sny:anti = 6:1 99 %ee
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Table 10-2. Screening of asymmetric Mukaiyama Michael reaction using (cyclohex-1-en-1-
yloxy)trimethylsilane (10-15)a 
 
Entry Solvent H2O (X equiv) Time (h) syn/antib Yieldc (%) Eed (%) 
1 MeOH 0 36 6:1 90 98 
2 THF 0 72 n.d.e 10 n.d.e 
3 i-PrOH 0 72 n.d.e 12 n.d.e 
4 Toluene 0 72 6:1 58 99 
5 CH2Cl2 0 48 6:1 87 91 
6 MeCN 0 15 5:1 92 97 
7 MeCN 3 6 6:1 97 99 
8 MeCN 10 48 4:1 89 98 
a Unless otherwise shown, the reaction was performed by employing cinnamaldehyde (10-11) (0.50 mmol), 
(cyclohex-1-en-1-yloxy)trimethylsilane (10-15) (1.0 mmol), organocatalyst 10-12 (0.050 mmol), water (X 
equiv) in solvent (0.50 mL) at room temperature.  After the reaction, Ph3P=CHCO2Et (0.75 mmol) was 
added. b Determined by 1H-NMR. c Yield of diastereomer mixtures. Isolated yield. d Determined by HPLC 
analysis on a chiral column material. e n.d. = not determined. 
 
a,b- Table 10-
3 a,b- b Table 10-3 entry 1 2-
Table 10-3 entry 2 Table 10-3 entries 3 to 5
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Table 10-3. The generality of the Michael reaction of a,b-unsaturated aldehyde in the asymmetric Michael 
reaction of (cyclohex-1-en-1-yloxy)trimethylsilane (10-15)a 
 
Entry R Time (h) Syn:antib Yieldc (%) Eed (%) 
1 Phenyl 6 6:1 97 99 
2 2-Naphtyl 5 5:1 99 96 
3 p-Me-C6H4 6 5:1 96 98 
4 p-MeO-C6H4 8 4:1 97 98 
5 3,4-(MeO)2-C6H3 7 5:1 95 98 
6 o-F-C6H4 6 4:1 87 98 
7 o-Cl-C6H4 8 2:1 89 99 
8 o-Br-C6H4 10 3:1 90 97 
9 p-Cl-C6H4 4 4:1 91 98 
10 p-Br-C6H4 4 5:1 95 97 
11 2-Furyl 10 3:1 92 98 
a Unless otherwise shown, the reaction was performed by employing a,b-unsaturated aldehyde 10-18 (0.50 
mmol), (cyclohex-1-en-1-yloxy)trimethylsilane (10-15) (1.0 mmol), organocatalyst 10-12 (0.050 mmol) 
water (1.5 mmol) in MeCN (0.50 mL) at room temperature. After the reaction, Ph3P=CHCO2Et (0.75 mmol) 
was added. b Determined by 1H-NMR. c Yield of diastereomer mixtures. Isolated yield. d Determined by 
HPLC analysis on a chiral column material. 
 
Table 10-4
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Table 10-4. The generality of the Michael reaction of silyl enol ether in the asymmetric Michael reaction 
of cinnamaldehyde (10-11)a 
 
Entry n Time (h) Syn:antib Yieldc (%) Eed (%) 
1 0 6 3:1 90 97 
2 1 6 6:1 97 99 
3 3 10 3:1 85 91 
a Unless otherwise shown, the reaction was performed by employing cinnamaldehyde (10-11) (0.50 mmol), 
silyl enol ether (1.0 mmol), organocatalyst 10-12 (0.050 mmol), water (1.5 mmol) in MeCN (0.50 mL) at 
room temperature. After the reaction, Ph3P=CHCO2Et (0.75 mmol) was added. b Determined by 1H-NMR. 








yloxy)trimethylsilane 10-16 0 	C
10-20 40% syn:anti = 7:1 Table 10-5 entry 1
Table 10-5 entries 2 to 4
(cyclohexa-1,5-dien-1-yloxy)trimethylsilane 10-16
10-20 45% Table 10-5 entry 2 º
10-12 10 mol% 20 mol% 10-20
53% Table 10-5 entry 3
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Table 10-5. The effect of amount of silyl enol ether, catalyst and water in the asymmetric Michael reaction 
of cinnamaldehyde (10-11) and (cyclohexa-1,5-dien-1-yloxy)trimethylsilane (10-16) a 
 
Entry Xb (equiv) Yc (mol%) Zd (equiv) Time (h) Syn:antie Yieldf (%) 
1 2 10 3 48 7:1 40 
2 3 10 3 36 7:1 45 
3 3 20 3 36 7:1 53 
4 3 20 5 12 6:1 86g 
a Unless otherwise shown, the reaction was performed by employing cinnamaldehyde (10-11) (0.50 mmol), 
(cyclohexa-1,5-dien-1-yloxy)trimethylsilane (10-16) (X equiv), organocatalyst 10-12 (Y mol%) and water 
(Z equiv) in MeCN (0.50 mL) at 0 °C. After the reaction, Ph3P=CHCO2Et (0.75 mmol) was added. b Amount 
of (cyclohexa-1,5-dien-1-yloxy)trimethylsilane (10-16). c Amount of organocatalyst 10-12. d Amount of 
water. e Determined by 1H-NMR. f Yield of diastereomer mixtures. g With 94% ee. Determined by HPLC 




10-21 85% syn:anti = 7:1 94% ee
Scheme 10-2 10-21 i-PrOH
10-21 10-12
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10-22 41% 36% ee ent-10-20 35%









98% ee Scheme 10-4  
 
 










MeCN, 0 ºC, 12 h
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b Table 10-6 entry 1 2- Table 10-6 entry 
2 Table 10-6 entries 3 and 4 Table 10-6 entries 
5 to 8 2- Table 10-6 entry 9
 
 
Table 10-6. The generality of the one-pot Mukaiyama Michael/Michael reaction of (cyclohexa-1,5-dien-1-
yloxy)trimethylsilane and a,b-unsaturated aldehydea 
 
Entry R Time (h) Yieldb (%) Eec (%) 
1 Phenyl 12 78 98 
2 2-Naphthyl 15 74 99 
3 p-Me-C6H4 18 76 99 
4 p-MeO-C6H4 10 74 99 
5 p-F-C6H4 10 75 99 
6 p-Cl-C6H4 10 72 99 
7 p-Br-C6H4 12 73 99 
8 p-Br-C6H4 10 73 99 
9 2-Furyl 20 51 99 
a Unless otherwise shown, the reaction was performed by employing a,b-unsaturated aldehyde (0.50 mmol), 
(cyclohexa-1,5-dien-1-yloxy)trimethylsilane (10-16) (1.5 mmol), organocatalyst 10-12 (0.10 mmol) and 
water (2.5 mmol) in MeCN (0.50 mL) at 0 °C for indicated time. After the addition of i-PrOH (2.0 mL), a 
reaction mixture was stirred for 8 h at reflux temperature. After the completion of the reaction, reaction 
mixture was concentrated. Then, tolunene (0.60 mL) and Ph3P=CHCO2Et (0.75 mmol) was added. b 


























i-PrOH, reflux, 8 h;
Ph3P=CHCO2Et
EtO2C



























































MeOH, rt, 12 h
61% yield




[α]27D = -21.2 (c = 1.1)
lit. [α]20D = -22.9 (c = 1.1)
10-23
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bicyclo[2.2.2]octanone














Table 11-1 A Table 11-1 entry 1
B Table 11-1 entry 2 bicyclo[2.2.2]octanone 11-15 65%
7:1 C Table 11-1 entry 3
bicyclo[2.2.2]octanone 11-15 61% 10:1 D
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Table 11-1. Catalyst screening of asymmetric domino Michael/Michael reactiona 
 
Entry Catalyst Time (h) Drb Yieldc (%) Eed (%) 
1 A 9 7:1 65 n.d.e 
2 B 10 7:1 65 n.d.e 
3 C 12 10:1 62 98 
4 D 24 7:1 25 n.d.e 
5 E 24 10:1 45 n.d.e 
6 F 72 5:1 17 n.d.e 
a Unless otherwise shown, the reaction was performed by employing cinnamaldehyde (11-6) (0.18 mmol), 
3-oxocyclohex-1-ene-1-carbonitrile (11-9) (0.15 mmol), organocatalyst (0.030 mmol), p-nitrophenol 
(0.060 mmol), water (0.45 mmol) in i-PrOH (0.30 mL) at 50 ºC. b Deastereo ratio was determined by 1H-
NMR. c Yield of diastereomer mixtures. Isolatde yield. d Ee of Wittig adduct was determined by HPLC 
analysis on a chiral column material. Because of unstability, aldehyde was converted to Wittig adduct. e 
n.d. = not determined. 
 
Table 11-2
p-nitropnenol Table 11-2, 
entry 1 12 TFA Table 11-2, entry 8
4-dimethylaminobenzoic acid Table 11-2, entry 4
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Table 11-2. Acid screening of asymmetric domino Michael/Michael reactiona 
 
Entry Acid Time (h) Drb Yieldc (%) Eed (%) 
1 p-nitrophenol 12 10:1 61 98 
2 2,4,6-trichlorophenol 18 9:1 31 n.d.e 
3 2,4,6-tribromophenol 18 9:1 30 n.d.e 
4 4-dimethylaminobenzoic acid 24 >20:1 75 >99 
5 4-methoxybenzoic acid 36 15:1 70 n.d.e 
6 benzoic acid 48 10:1 71 n.d.e 
7 4-nitrobenzoic acid 72 n.d.e <5 n.d.e 
8 TFA 72 n.d.e no reaction n.d.e 
a Unless otherwise shown, the reaction was performed by employing cinnamaldehyde (11-6) (0.18 mmol), 
3-oxocyclohex-1-ene-1-carbonitrile (11-9) (0.15 mmol), organocatalyst 11-16 (0.030 mmol), acid (0.060 
mmol), water (0.45 mmol) in i-PrOH (0.30 mL) at 50 ºC. b Deastereo ratio was determined by 1H-NMR. c 
Yield of diastereomer mixtures. Isolated yield. d Ee of Wittig adduct was determined by HPLC analysis on 




3 a,b- b Table 11-3 entry 1
Table 11-3 entry 2 Table 11-3 entries 4 to 7
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Table 11-3. Substrate scope of asymmetric domino Michael/Michael reaction using 3-oxocyclohex-1-ene-
1-carbonitrile (11-9)a 
 
Entry R Time (h) Drb Yieldc (%) Eed (%) 
1 Phenyl 24 >20:1 75 >99 
2 p- MeO-C6H4 72 >20:1 60 >99 
3 p-F-C6H4 36 >20:1 71 >99 
4 p-Cl-C6H4 18 >20:1 75 >99 
5 p-Br-C6H4 12 >20:1 78 >99 
6 m-Br-C6H4 12 >20:1 76 >99 
7 o-Br-C6H4 30 >20:1 69 >99 
8 SiMe2Ph 36 >20:1 59 >99 
a Unless otherwise shown, the reaction was performed by employing α,β-unsaturated aldehyde 11-10 (0.18 
mmol), 3-oxocyclohex-1-ene-1-carbonitrile (11-9) (0.15 mmol), organocatalyst 11-16 (0.030 mmol), 4-
dimethylaminobenzoic acid (0.060 mmol), water (0.45 mmol) in i-PrOH (0.30 mL) at 50 ºC. b Deastereo 
ratio was determined by 1H-NMR. c Yield of diastereomer mixtures. Isolated yield. d Ee of Wittig adduct 
was determined by HPLC analysis on a chiral column material. Because of unstability, aldehyde was 
converted to Wittig adduct. 
 
a,b- Table 11-4 b
Table 11-4 entry 1 Table 11-4 entry 2
Table 11-4 entry 3


























4-dimethylaminobenzoic acid (40 mol%)
 H2O (3.0 equiv)
i-PrOH, 50 ºC
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Table 11-4. Substrate scope of asymmetric domino Michael/Michael reaction using cinnamaldehyde 
derivative 11-18a 
 
Entry R Time (h) Drb Yieldc (%) Eed (%) de (ppm) 
1 CO2Me 48 >20:1 51 95 2.598 
2 CN 24 >20:1 75 >99 2.562 
3 SO2(p-Br-C6H4) 48 >20:1 81 95 2.535 
4 S(p-Br-C6H4) 72 n.d.f no reaction n.d.f 2.523 
5 CH=CH2 72 n.d.f no reaction n.d.f 2.429 
6 CH2CH3 72 n.d.f no reaction n.d.f 2.415 
a Unless otherwise shown, the reaction was performed by employing cinnamaldehyde derivative 11-18 
(0.18 mmol), α,β-unsaturated ketone 11-17 (0.15 mmol), organocatalyst 11-16 (0.030 mmol), 4-
dimethylaminobenzoic acid (0.060 mmol), water (0.45 mmol) in i-PrOH (0.30 mL) at 50 ºC. b Deastereo 
ratio was determined by 1H-NMR. c Yield of diastereomer mixtures. Isolated yield. d Ee of Wittig adduct 
was determined by HPLC analysis on a chiral column material. Because of unstability, aldehyde was 
converted to Wittig adduct. e A value of chemichal shift of Ha, which was detected by 1H-NMR. f n.d. = not 
determined 
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Scheme 11-3. Synthesis of compound 11-20 
 































calculated for the enantiomer 





calculated for the enantiomer 
of 11-20 shown left
Measurement condition
Preliminary MMFF conformational search of the arbitrarily chosen 
enantiomer shown above was carried out by Spartan’18 program. The 
obtained geometries were further optimized by DFT/B3LYP/6-
311++G(2dp,2pd) calculation on a Gaussian16 software, which led to 
only one stable conformer in 1.8 kcal/mol energy window.
The IR and VCD spectra of the resultant stable conformer were 
calculated at the same level of theory. The calculated frequencies, 
dipole strengths and rotational strengths were converted to IR and VCD
spectra on GaussView 6 software using a peak half-width at half height 
of 6 cm-1 width. The calculated frequencies n were scaled with were 
scaled with a factor of 0.99.
Calculation condition
Instrument: JASCO FVS-6000 spectrometer
c = 0.5 M
CDCl3 solution, measured at ambient temperature
l = 50 µm
IR: 16 scans, VCD: 3000 scans
All spectral data were corrected by a solvent spectrum obtained 
under the same experimental condition, and presented as De and e


































 - 92 - 
 
Scheme 11-4. A reaction mechamism of asymmetric domino Michael/Michael reaction to construct 
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Scheme 12-3  
 
 
Scheme 12-3. Asymmetric domino Michael/ Michael reaction to provide multi-substituted cyclopentanone 
 
Corey 152
Scheme 12-4  
 
 
Scheme 12-4. One-pot & 152-minutes synthesis of enantiopure Corey lactone 
 
º 7 25%

















up to 78% yield




















up to 90% yield
single isomer
up to >99% ee
+
aq. HBF4
80 ºC, 15 min
p-nitrophenol, H2O





































1-pot & 152min synthesis
50% overall yield
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Scheme 12-5. Seven-pot synthesis of enantiopure latanoprost 
 
º 7 17%
Scheme 12-6  
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Scheme 12-7. One-pot synthesis of chiral cis-hydrindanes via diphenylprolinol silyl ether mediated domino 




º Scheme 12-8  
 
 






























 H2O (3.0 equiv)
i-PrOH, rt, 24 h;
evaporation
TsOH·H2O (20 mol%)
Toluene, 80 ºC, 5 h
















































i-PrOH, reflux, 8 h;
Ph3P=CHCO2Et
EtO2C
up to 78% yield
single isomer
up to 99% ee
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a,b-
bicyclo[2.2.2]octanone Scheme 12-10  
 
 
Scheme 12-10. Asymmetric domino Michael/Michael reaction to construction of an bicyclo[2.2.2]octanone 


















4-dimethylaminobenzoic acid (40 mol%)
 H2O (3.0 equiv)
i-PrOH, 50 ºC
up to 81% yield
single isomer
up to >99% ee





General Remarks: All reactions were carried out under argon atmosphere and monitored by thin-layer 
chromatography using Merck 60 F254 precoated silica gel plates (0.25 mm thickness). Specific optical 
rotations were measured using a JASCO P-1020 polarimeter and a JASCO DIP-370 polarimeter. FT-IR 
spectra were recorded on a JASCO FT/IR-410 spectrometer and a Perkin Elmer spectrum BX FT-IP 
spectrometer. 1H and 13C NMR spectra were recorded on an Agilent-400 MR (400 MHz for 1H NMR, 100 
M Hz for 13C NMR) instrument. Data for 1H NMR are reported as chemical shift (δ ppm), integration 
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quintet = quin, sext = sextet septet = sep, dd = 
doublet of doublets, ddd = doublet of doublet of doublets, dt = double of triplets, dquin = doublet of quintets, 
dsext = doublet of sextets, td = triplet of doublets, tt = triplet of triplets, qt = triplet of quartets, m = multiplet, 
brs = broad singlet), coupling constant (Hz), Data for 13C NMR are reported as chemical shift. High 
resolution ESI-TOF mass spectra were measured by Themo Orbi-trap instrument. HPLC analysis was 
performed on a HITACHI Elite LaChrom Series HPLC, UV detection monitored at appropriate wavelength 
respectively, using CHIRALPACK® IB (0.46 cm × 25 cm), CHIRALPACK® IC (0.46 cm × 25 cm), 
CHIRALPACK® ID (0.46 cm × 25 cm), CHIRALPACK® IF (0.46 cm × 25 cm), CHIRALPACK® IG (0.46 
cm × 25 cm), CHIRALPACK® AY-H (0.46 cm × 25 cm), CHIRALPACK® OJ-H (0.46 cm × 25 cm), 
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Chapter 2. 
 
2.1. Typical procedure of two secondary amines catalyzed asymmetric Michael reaction 
 
  To a solution of cinnamaldehyde 2-1 (66.0 mg, 0.50 mmol) and cyclohexanone 2-2 (150 µL, 1.5 mmol) 
in EtOH: toluene = (4:1) (0.50 mL), H2O (27.0 µl, 1.5 mmol), catalyst 2-3 (32.0 mg, 0.075 mmol), p-
nitrophenol (21.0 mg, 0.15 mmol), pyrrolidine 2-4 (2.9 µL, 0.038 mmol) were added at room temperature. 
After stirring the reaction mixture at this temperature for 24 h, Ph3P=CHCO2Et (266 mg, 0.75 mmol) was 
added. After stirring the reaction mixture at room temperature for 2 hours, the reaction mixture was directly 
purified by column chromatography on silica gel (n-Hexane: EtOAc = 12:1~10:1) to give the corresponding 
product 2-1) 2-7 (111 mg, 0.37 mmol) in 74% yield (syn: anti = 5:1).  
  The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 50:1; 
flow rate 1.0 ml/min, minor isomer tR = 27.4 min, major isomer tR = 29.6 min) (97% ee). 
 
2.2. The reaction between chiral iminium salt 2-12 and chiral enamine 2-13 
 
  To a solution of enamine2-2) 2-13 (117 mg, 0.60 mmol) and 2,6-luthidine (104 µl, 0.90 mmol) in CH2Cl2 
(2.0 mL), MS4A (162 mg, 100 wt%), iminium salt 2-3) 2-12 (162 mg, 0.30 mmol) were added at -30 ºC. 
After completion of reaction, the reaction mixture was quenched by the addition of phosphate buffer (2 
mL) at room temperature. The aqueous layer was extracted with EtOAc (5 mL) three times. The separated 
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flash column chromatography on silica gel (n-Hexane: EtOAc = 15:1) to afford the desired amine 2-16 in 
57% yield (92.0 mg, 0.179 mmol) as a yellow liquid. 
 
  To determine the structure of compound 11, desilylation of compound 11 was performed. 
 
  To a solution of bicyclic compound 2-16 (80 mg, 0.15 mmol) in MeOH: H2O = (4:1) (2.0 mL), TFA 
(11.5 µL, 0.15 mmol) were added at room temperature. After completion of reaction, the reaction mixture 
was quenched by the addition of sat. aq. NaHCO3 (2 mL) at room temperature. The aqueous layer was 
extracted with EtOAc (5 mL) for three times. The separated organic layers were dried over on Na2SO4 and 
concentrated in vacuo. The crude material was purified by flash column chromatography on silica gel (n-
Hexane: EtOAc = 10:1) to afford the desired compound in 72% yield (50.3 mg) as a white solid. The 
structure of desired compound was characterized by X-ray crystallography. 
 
2.3. The reaction between chiral iminim salt 2-12 and a nucleophile which reactivity is similar to an 
enol 
 
  To a solution of 1-methoxycyclohex-1-ene2-4) 2-17 (39 mg, 0.30 mmol) in EtOH: toluene = (4:1) (2.0 
mL), iminium salt 2-3) 2-12 (162 mg, 0.30 mmol) was added at room temperature. The reaction was 
monitored by TLC and 1H-NMR. No reaction was observed. 
 
  To a solution of (cyclohex-1-en-1-yloxy)trimethylsilane 2-5) 2-18 (39 mg, 0.30 mmol) in EtOH: toluene 
= (4:1) (2.0 mL), iminium salt 2-2) 2-12 (162 mg, 0.30 mmol) were added at room temperature. The reaction 
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2.4. The reaction between chiral iminim salt 2-12 and and a nucleophile which reactivity is similar to 
an enolate 
 
  To a solution of (cyclohex-1-en-1-yloxy)trimethylsilane 2-5) 2-18 (39 mg, 0.30 mmol) and iminium salt 2-
4) 2-12 (162 mg, 0.30 mmol) in CH2Cl2 (1.0 mL), TAFS (82.5 mg, 0.30 mmol) in CH2Cl2 (1.0 mL) was 
slowly added in 1 hour by the use of syringe pump at -30 ºC. After completion of reaction, the reaction 
mixture was quenched by the addition of Ph3P=CHCO2Et (160 mg, 0.45 mmol) at room temperature. After 
stirring the reaction mixture at this temperature for 2 hour, the reaction mixture was diluted by water (5 ml) 
and EtOAc (5 ml). The aqueous layer was extracted with EtOAc (5 mL) three times. The separated organic 
layers were dried over on Na2SO4 and concentrated in vacuo. The crude material was purified by flash 
column chromatography on silica gel (n-Hexane: EtOAc = 10:1) to afford the desired product 2-72-1) in 65% 
yield (58.5 mg).  
  The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 50:1; 
flow rate 1.0 ml/min, minor isomer tR = 27.4 min, major isomer tR = 29.6 min) (95% ee). 
 
2.5. Study of generating speed of enamine and enol using D2O 
 
  To a solution of ketone 2-2) 2-19 (72 mg, 0.33 mmol) in toluene (3.3 mL), pyrrolidine (1.36 µL, 0.0165 
mmol)) and D2O (26.4 µL, 1.32 mmol) were added at room temperature. After reduction of a part of ketone 
2-19 by NaBH4 in MeOH, the amount of ketone 2-19 was checked by MS spectroscopy at 1 min, 3 min, 5 
min, 10 min, 15 min, 20 min, and 30 min respectively. The corresponding graph was illustrated as a red 
line in Figure 2-1. The incorporation of 2-19 was determined by following calculation: 100-(Corrected ion 
insity of reduced deuterium-2-19) / (Corrected ion insity of reduced 2-19) x 100 = XX%  
+
OTMS
CH2Cl2, -30 °C, 1 h;
Ph3P=CHCO2Et
80% yield


















X = H, D
p-nitrophenol (10 mol%)
D2O+
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Figure 2-1. Generation of deuterated substrates, green: i-Pr2NEt and p-nitrophenol, red: pyrrolidine and p-
nitrophenol, blue: p-nitrophenol, yellow: i-Pr2NEt. 
 





Physical state: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ -0.20 (s, 9H), 0.82 (m, 1H), 1.42 (m, 1H), 1.71 (m, 1H), 1.91 (m, 1H), 2.36 
(m, 2H), 1.93 (m, 1H), 2.36 (m, 2H), 2.50 (m, 1H), 2.68 (dd, J = 3.6, 9.2 Hz, 1H), 2.90 (m, 2H), 3.07 (dd, 
J = 7.2, 19.2 Hz, 1H), 3.20 (d, J = 7.2 Hz, 1H), 4.22 (dd, J = 2.8, 9.8 Hz, 1H), 7.24 (m, 11H), 7.42 (m, 2H), 
7.49 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 21.1, 23.7, 28.4, 28.9, 29.4, 32.2, 44.8, 49.1, 49.6, 52.7, 61.7, 67.3, 85.2, 
126.6, 121.7, 126.9, 126.9, 127.0, 127.0, 127.5, 127.5, 127.8, 127.8, 128.4, 128.4, 129.4, 129.4, 129.5, 
129.5, 129.6, 129.6, 141.5, 1440, 144.2, 217.9 
HRMS (ESI): [M+H]+ calcd for C35H44NO2Si: 538.3136, found: 538.3129 
IR(neat) ν 3450, 2937, 1709, 1644, 1494, 1447, 1249, 1206, 1157, 1067, 837, 701, 461, 448, 433 cm-1 
[α]D 27 -57.2 (c 6.4, CHCl3).  











Physical state: White solid (m.p. 148~151 ºC) 
1H NMR (d-benzene, 400 MHz) δ 1.01 (m, 1H), 1.24 (m, 1H), 1.36 (m, 2H), 1.56 (m, 3H), 1.63 (m, 1H), 
1.71 (m, 1H), 2.06 (m, 2H), 2.39 (m, 2H), 2.56 (td, J = 5.2, 9.2 Hz, 1H), 2.66 (dd, J = 4.0, 8.8 Hz, 1H), 2.80 
(m, 2H), 3.99 (dd, J = 4.2, 7.8 Hz, 1H), 6.77 (m, 3H), 7.05 (m, 8H), 7.65 (m, 4H) 
13C NMR (CDCl3, 100 MHz) δ 21.1, 25.2, 28.2, 29.2, 30.2, 32.5, 44.5, 49.2, 51.5, 52.4, 62.1, 67.0, 78.0, 
126.0, 126.3, 126.3, 126.7, 126.7, 127.8, 127.8, 128.0, 128.0, 128.1, 128.1, 128.2, 128.2, 128.5, 128.5, 
141.4, 147.0, 149.0, 213.8 
HRMS (ESI): [M+H]+ calcd for C32H36NO2: 466.6445, found: 466.6447 
IR(neat) ν 3452, 2930, 1713, 1644, 1494, 1449, 1273, 700, 414 cm-1 
[α]D 22 +18.2 (c 0.20, CHCl3). 




[2-1] Y. Hayashi, N. Umekubo, Angew. Chem. Int. Ed. 2018, 57, 1958. 
[2-2] S. J. Blarer, D. Seebach, Chem. Ber. 1983, 116, 2250. 
[2-3] H. Gotoh, T. Uchimaru, Y. Hayashi, Chem. Eur. J. 2015, 21, 12337. 
[2-4] E. Friedrich, H. O. Kalinowski, W. Lutz, Tetrahedron 1980, 36, 1051. 
[2-5] B. F. Marcune, S. Karady, P. J. Reider, R. A. Miller, M. Biba, L. DiMichele, R. A. Reamer, J. Org. 












 - 105 - 
Chapter 3. 
 
3.1. Typical procedure of asymmetric Michael reaction using alkynyl ketone 
 
  To a solution of cinnamaldehyde 3-5 (23.5 mg, 0.18 mmol) and 4-(triisopropylsilyl)but-3-yn-2-one 3-8 
(33.7 mg, 0.15 mmol) in EtOH (600 µL), H2O (8.1 µL, 0.45 mmol), diphenylprolinol silyl ether (9.7 mg, 
0.030 mmol), p-nitrophenol (2.1 mg, 0.015 mmol) were added at room temperature. After stirred the 
reaction mixture at this temperature for 3 hours, its solvent was removed under reduced pressure. The 
residue was directly purified by column chromatography on silica gel (n-Hexane: EtOAc = 12:1) to give 
the target compound (37.1 mg, 0.104 mmol) in 69% yield. 
 
3.2. Compounds information 
 
(R)-5-Oxo-3-phenyl-7-(triisopropylsilyl)hept-6-ynal (Table 3-2., entry 1) 
 
Yield: 69% (36.8 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3) δ 1.05-1.15 (m, 21H), 2.79-2.82 (m, 2H), 2.95 (d, J = 7.2 Hz, 2H), 3.90 (quin, J = 7.2, 
1H), 7.20-7.24 (m, 3H), 7.29-7.33 (m, 2H), 9.66 (t, J = 2.0 Hz, 1H) 
13C NMR (CDCl3) δ 200.4, 185.1, 142.1, 128.9, 128.9, 127.3, 127.1, 127.1, 104.0, 96.7, 51.6, 49.3, 35.9, 
18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 10.9, 10.9, 10.9 
HRMS (ESI): [M+Na]+ calcd for C22H32O2SiNa: 379.2064, found: 379.2064 
IR(neat)ν 2145, 1726, 1677, 1463, 1386, 1222, 1116, 1073, 997, 883, 7000, 679, 586, 457, 410 cm-1 
[α]D 26 -20.1 (c 2.0, CHCl3) 
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(R)-3-(4-Methoxyphenyl)-5-oxo-7-(triisopropylsilyl)hept-6-ynal (Table 3-2., entry 2) 
 
Yield: 68% (39.3 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3) δ 1.06-1.15 (m, 21H), 2.75-2.78 (m, 2H), 2.92 (d, J = 7.2 Hz, 2H), 3.77 (s, 3H), 3.85 
(quin, J = 7.2 Hz, 1H), 6.83 (d, J = 8.8 Hz, 2H), 7.14 (d, J = 8.8 Hz, 2H), 9.65 (t, J = 2.0 Hz, 1H) 
13C NMR (CDCl3) δ 200.7, 185.3, 158.6, 134.1, 128.3, 128.3, 114.2, 114.2, 104.1, 96.6, 55.2, 51.9, 49.5, 
34.9, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 11.0, 11.0, 11.0 
HRMS (ESI): [M+Na]+ calcd for C23H34O3SiNa: 409.2169, found: 409.2169 
IR(neat)ν 2145, 1726, 1677, 1463, 1386, 1222, 1116, 1073, 997, 883, 7000, 679, 586, 457, 410 cm-1  
[α]D 26 -15.5 (c 1.5, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.20 
 
(R)-3-(4-Bromophenyl)-5-oxo-7-(triisopropylsilyl)hept-6-ynal (Table 3-2., entry 3) 
 
Yield: 61% (37.9 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.06-1.11 (m, 21H), 2.80 (dt, J = 1.6, 6.8 Hz, 2H), 2.92 (dd, J = 2.4, 7.2 
Hz, 2H), 3.86 (quin, J = 7.2 Hz, 1H), 7.11 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H), 9.66 (t, J = 1.2 Hz, 
1H) 
13C NMR (CDCl3, 100 MHz) δ 199.8, 188.9, 141.2, 132.0, 132.0, 129.1, 129.1, 121.0, 104.0, 91.6, 51.3, 
49.2, 34.9, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 11.0, 11.0, 11.0 
HRMS (ESI): [M+Na]+ calcd for C22H31BrO2SiNa: 457.1169, found: 457.1172 
IR(neat)ν 2145, 1726, 1677, 1489, 1463, 1118, 1074, 1011, 883, 821, 681, 404 cm-1 
[α]D 26 -19.5 (c 1.7, CHCl3) 
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(R)-3-(3-Bromophenyl)-5-oxo-7-(triisopropylsilyl)hept-6-ynal (Table 3-2., entry 4) 
 
Yield: 64% (41.6 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.06-1.17 (m, 21H), 2.81 (ddd, J = 1.6, 5.6, 7.2 Hz, 2H), 2.93 (dd, J = 1.2, 
6.8 Hz, 2H), 3.86 (quin, J = 7.2 Hz, 1H), 7.16-7.18 (m, 2H), 7.34-7.38 (m, 2H), 9.70 (t, J =1.6 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 199.7, 184.6, 144.6, 130.5, 130.4, 130.3, 126.2, 122.9, 103.9, 97.1, 51.2, 
49.1, 35.0, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 11.0, 11.0, 11.0 
HRMS (ESI): [M+Na]+ calcd for C22H31BrO2SiNa: 457.1169, found: 457.1173 
IR(neat)ν 2145, 1726, 1677, 1568, 1463, 1428, 1221, 1117, 1074, 997, 882, 784, 679, 587, 440, 408 cm-1 
[α]D 26 -38.5 (c 0.50, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.45 
 
(R)-3-(2-Bromophenyl)-5-oxo-7-(triisopropylsilyl)hept-6-ynal (Table 3-2., entry 5) 
 
Yield: 70% (45.6 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.07-1.15 (m, 21H), 2.85 (dd, J = 1.6, 7.2 Hz, 2H), 2.94 (dd, J = 8.0, 17.6 
Hz, 1H), 3.03 (dd, J = 6.0, 16.8 Hz, 1H), 4.37 (quin, J = 7.2 Hz, 1H), 7.09 (dt, J = 2.0, 8.0 Hz, 1H), 7.21 
(dd, J = 1.6, 8.0 Hz, 1H), 7.28 (dt, J = 1.2, 7.6 Hz, 1H), 7.56 (dd, J = 1.2, 8.0 Hz, 1H), 9.68 (t, J = 1.6 Hz, 
1H) 
13C NMR (CDCl3, 100 MHz) δ 200.1, 184.8, 140.8, 133.5, 128.6, 128.1, 127.9, 124.3, 103.8, 96.9, 49.8, 
47.9, 34.5, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 11.0, 11.0, 11.0 
HRMS (ESI): [M+Na]+ calcd for C22H31BrO2SiNa: 457.1169, found: 457.1170 
IR(neat)ν 2146, 1726, 1676, 1470, 1223, 1110, 1022, 883, 755, 681, 585, 450 cm-1 
[α]D 26 +3.40 (c 1.9, CHCl3) 
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(R)-3-(Furan-2-yl)-5-oxo-7-(triisopropylsilyl)hept-6-ynal (Table 3-2., entry 6) 
 
Yield: 78% (40.8 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.04-1.17 (m, 21H), 2.79 (dt, J = 1.6, 5.6 Hz, 2H), 2.90 (dd, J = 7.6, 17.2 
Hz, 1H), 3.02 (dd, J = 6.8, 16.8 Hz, 1H), 3.99 (quin, J = 7.6 Hz, 1H), 6.06 (d, J = 3.2 Hz, 1H), 6.26 (dd, J 
= 1.6, 3.2 Hz, 1H), 7.30 (t, J = 0.80 Hz, 1H), 9.72 (t, J = 2.0 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 200.1, 184.7, 154.9, 141.7, 110.2, 105.9, 103.8, 96.9, 48.7, 46.6, 29.0, 18.5, 
18.5, 18.5, 18.5, 18.5, 18.5, 10.9, 10.9, 10.9 
HRMS (ESI): [M+Na]+ calcd for C20H30O3SiNa: 369.1856, found: 369.1858 
IR(neat)ν 2146, 1727, 1679, 1464, 1218, 1115, 1072, 1015, 883, 734, 681, 597 cm-1 
[α]D 26 -4.41 (c 1.5, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.20 
 
(R)-3-(Dimethyl(phenyl)silyl)-5-oxo-7-(triisopropylsilyl)hept-6-ynal (Table 3-2., entry 7) 
 
Yield: 71% (44.1 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 0.33 (s, 6H), 1.08-1.12 (m, 21H), 2.01-2.16 (m, 1H), 2.34 (ddd, J = 2.0, 
8.0, 17.6 Hz, 1H), 2.49 (dd, J = 9.6, 16.8 Hz, 1H), 2.50 (ddd, J = 1.6, 5.6, 17.6 Hz, 1H), 2.69 (dd, J = 4.8, 
16.8 Hz, 1H), 7.34-7.39 (m, 3H), 7.47-7.50 (m, 2H), 9.62 (t, J = 1.2 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 201.5, 187.1, 136.2, 133.9, 133.9, 129.5, 128.0, 128.0, 104.0, 96.4, 46.0, 
44.1, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 15.4, 11.0, 11.0, 11.0, -4.37, -4.46 
HRMS (ESI): [M+Na]+ calcd for C24H38O2Si2Na: 437.2303, found: 437.2303 
IR(neat)ν 2145, 1725, 1677, 1462, 1427, 1253, 1212, 1112, 1069, 997, 883, 836, 778, 736, 701, 681, 471 
cm-1 
[α]D 26 -5.02 (c 1.5, CHCl3) 
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(R)-3-Methyl-5-oxo-7-(triisopropylsilyl)hept-6-ynal (Table 3-2., entry 8) 
 
Yield: 55% (24.3 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 1.04 (d, J = 6.8 Hz, 3H), 1.08-1.16 (m, 21H), 2.35 (ddd, J = 2.4, 8.0, 17.2 
Hz, 1H), 2.48-2.60 (m, 2H), 2.60-2.66 (dd, J = 6.4, 16.4 Hz, 1H), 2.72 (quin, J = 6.8 Hz, 1H), 9.75 (t, J = 
1.6 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 201.3, 186.2, 104.2, 96.2, 51.9, 50.0, 24.6, 20.0, 18.5, 18.5, 18.5, 18.5, 
18.5, 18.5, 10.8, 10.8, 10.8 
HRMS (ESI): [M+Na]+ calcd for C17H30O2SiNa: 317.1907, found: 317.1907 
IR(neat)ν 2145, 1726, 1673, 1463, 1163, 1072, 996, 918, 883, 701, 680, 505 cm-1 
[α]D 26 +20.6 (c 0.20, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.60 
 
3.3. Typical procedure of Wittig reaction to determine the value of ee 
 
  To a solution of aldehyde (37.1 mg, 0.10 mmol) in toluene (300 µL), Ph3P=CHCO2Et (69.6 mg, 0.20 
mmol) was added at room temperature. After stirring the reaction mixture at this temperature for 1 hour, 
the reaction mixture was directly purified by column chromatography on silica gel (n-Hexane: EtOAc = 
3:1) to give the target compound. 
  The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane: i-PrOH = 66:1; 
flow rate 1.0 ml/min, major isomer tR = 12.7 min, minor isomer tR = 24.9 min) (95% ee). 
 




Yield: 73% (31.2 mg) 
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1H NMR (CDCl3, 400 MHz) δ 0.94-1.17 (m, 21H), 1.25 (t, J = 7.2 Hz, 3H), 2.51-2.60 (m, 2H), 2.90 (d, J 
= 3.6 Hz, 2H), 3.48 (quin, J = 7.2 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 5.78 (d, J = 15.6 Hz, 1H), 6.78 (dd, J 
= 7.6, 15.6 Hz, 1H), 7.17-7.23 (m, 2H), 7.26-7.32 (m, 3H) 
13C NMR (CDCl3, 100 MHz) δ 185.6, 166.2, 145.6, 142.3, 128.7, 128.7, 127.4, 127.4, 127.0, 123.5, 104.1, 
96.5, 60.2, 51.5, 40.7, 38.6, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 14.2, 11.0, 11.0,11.0 
HRMS (ESI): [M+Na]+ calcd for C26H38O3SiNa: 449.2482, found: 449.2480 
IR(neat)ν 2145, 1721, 1677, 1463, 1367, 1264, 1207, 1160, 1109, 1075 1041, 997, 883, 838, 762, 700, 
679 cm-1 
[α]D 26 -7.14 (c 1.8, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.40 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane: i-PrOH = 66:1; 




Yield: 80% (36.5 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.04-1.17 (m, 21H), 1.25 (t, J = 7.2 Hz, 3H), 2.45-2.58 (m, 2H), 2.85 (d, J 
= 7.6 Hz, 2H), 3.43 (quin, J = 7.2 Hz, 1H), 3.78 (s, 3H), 4.14 (q, J = 7.2 Hz, 2H), 5.76 (d, J = 15.6 Hz, 1H), 
6.79 (td, J = 7.2, 15.6 Hz, 1H), 6.82 (d, J = 8.8 Hz, 2H), 7.09 (d, J = 8.8 Hz, 2H)  
13C NMR (CDCl3, 100 MHz) δ 185.8, 166.2, 158.4, 145.8, 134.3, 128.3, 128.3, 123.4, 114.1, 114.1, 104.2, 
96.5, 60.2, 55.2, 51.8, 40.0, 38.8, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 14.2, 11.0, 11.0, 11.0 
HRMS (ESI): [M+Na]+ calcd for C27H40O4SiNa: 479.2588, found: 479.2593 
IR(neat)ν 2146, 1718, 1675, 1513, 1458, 1251, 1038, 827, 419 cm-1 
[α]D 26 -2.84 (c 0.20, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.20 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane: i-PrOH = 66:1; 
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Ethyl (R,E)-5-(4-bromophenyl)-7-oxo-9-(triisopropylsilyl)non-2-en-8-ynoate 
 
Yield: 81% (40.8 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.06-1.14 (m, 21H), 1.26 (t, J = 7.2 Hz, 3H), 2.50-2.59 (m, 2H), 2.87 (dd, 
J = 0.80, 8.0 Hz, 2H), 3.43 (quin, J = 7.2 Hz, 1H), 4.15 (t, J = 7.2 Hz, 2H), 5.76 (d, J = 15.6 Hz, 1H), 6.74 
(td, J =7.2, 15.6 Hz, 1H), 7.05 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.4 Hz, 2H) 
13C NMR (CDCl3, 100 MHz) δ 185.1, 166.1, 145.0, 141.2, 131.9, 131.9, 129.1, 129.1, 123.8, 120.8, 104.1, 
96.8, 60.3, 51.3, 40.2, 38.4, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 14.2, 11.0, 11.0, 11.0 
HRMS (ESI): [M+Na]+ calcd for C26H37BrO3SiNa: 527.1588, found: 527.1589 
IR(neat)ν 2145, 1720, 1677, 1464, 1206, 1101, 882, 679 cm-1 
[α]D 26 +2.65 (c 1.0, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.45 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane: i-PrOH = 66:1; 




Yield: 78% (39.3 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.07-1.15 (m, 21H), 1.26 (t, J = 7.2 Hz, 3H), 2.46-2.59 (m, 2H), 2.87 (d, J 
= 7.2 Hz, 2H), 3.43 (quin, J = 7.2 Hz, 1H), 4.15 (q, J = 7.2 Hz, 2H), 5.78 (d, J = 15.6 Hz, 1H), 6.75 (td, J 
= 7.6, 15.6 Hz, 1H), 7.10 (d, J = 7.6 Hz, 1H), 7.17 (t, J = 8.0 Hz, 1H), 7.33-7.36 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 185.0, 166.1, 145.0, 144.7, 130.4, 130.3, 130.2, 126.2, 123.9, 122.8, 104.0, 
96.9, 60.3, 51.2, 40.3, 38.4, 18.7, 18.7, 18.5, 18.5, 18.4, 18.4, 14.2, 11.0, 11.0, 11.0 
HRMS (ESI): [M+Na]+ calcd for C26H37BrO3SiNa: 527.1588, found: 527.1586 
IR(neat)ν 2146, 1719, 1677, 1464, 1367, 1270, 1206, 1113, 882, 680 cm-1 
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Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.45 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane: i-PrOH = 66:1; 




Yield: 70% (435.3 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.05-1.17 (m, 21H), 1.26 (t, J =7.2 Hz, 3H), 2.52-2.64 (m, 2H), 2.86 (dd, J 
= 8.0, 16.4 Hz, 1H), 2.92 (dd, J = 6.8, 16.0 Hz, 1H), 4.06 (quin, J = 7.2 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 
5.78 (d, J = 15.6 Hz, 1H), 6.80 (td, J = 7.2, 15.6 Hz, 1H), 7.08 (dt, J =1.6, 7.6 Hz, 1H), 7.17 (dd, J = 1.6, 
7.6 Hz, 1H), 7.27 (t, J = 7.2 Hz, 1H), 7.55 (dd, J = 0.80, 8.0 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 185.1, 166.1, 145.0, 140.9, 133.4, 128.4, 127.8, 127.8, 124.8, 123.8, 103.9, 
96.7, 60.2, 49.8, 39.0, 37.0, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 14.2, 11.0, 11.0, 11.0 
HRMS (ESI): [M+Na]+ calcd for C26H37BrO3SiNa: 527.1588, found: 527.1588 
IR(neat)ν 2146, 1721, 1676, 1470, 1367, 1267, 1205, 1162, 1107, 1024, 996 920, 883, 756, 680, 585, 452, 
420 cm-1 
[α]D 26 -14.1 (c 1.7, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.45 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane: i-PrOH = 66:1; 




Yield: 65% (27.0 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.04-1.17 (m, 21H), 1.27 (t, J = 7.2 Hz, 3H), 2.50-2.64 (m, 2H), 2.82 (dd, 
J = 6.8, 16.4 Hz, 1H), 2.94 (dd, J = 7.2, 16.4 Hz, 1H), 3.61 (quin, J = 6.8 Hz, 1H), 4.16 (q, J = 7.2 Hz, 2H), 
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Hz, 1H), 7.31 (d, J = 1.6 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 185.0, 166.1, 155.2, 145.1, 141.6, 123.7, 110.1, 105.9, 103.9, 96.7, 60.3, 
48.7, 36.0, 33.9, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 14.2, 11.0, 11.0, 11.0 
HRMS (ESI): [M+Na]+ calcd for C24H36O4SiNa: 439.2275, found: 439.2272 
IR(neat)ν 2146, 1720, 1681, 1464, 1367, 1267, 1161, 1110, 883, 733, 664 cm-1 
[α]D 26 +1.04 (c 0.75, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.20 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane: i-PrOH = 66:1; 




Yield: 85% (41.1 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 0.32 (s, 3H), 0.33 (s, 3H), 1.05-1.15 (m, 21H), 1.26 (t, J = 7.2 Hz, 3H), 
1.79-1.86 (m, 1H), 2.14 (dquin, J = 1.2, 8.0 Hz, 1H), 2.30-2.37 (m, 1H), 2.47 (dd, J = 8.4, 16.4 Hz, 1H), 
2.57 (dd, J = 5.6, 16.8 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 5.72 (d, J = 15.6 Hz, 1H), 6.79 (td, J = 7.2, 15.6 
Hz, 1H), 7.33-7.40 (m, 3H), 7.46-7.50 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 187.5, 166.1, 147.8, 136.7, 136.7, 133.9, 129.4, 128.0, 122.7, 122.7, 104.1, 
96.1, 60.1, 45.7, 32.6, 21.1, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 14.2, 11.0, 11.0, 11.0, -4.11, -4.11 
HRMS (ESI): [M+Na]+ calcd for C28H44O3Si2Na: 507.2721, found: 507.2723 
IR(neat)ν 2145, 1720, 1676, 1464, 1428, 1367, 1261, 1186, 1112, 1044, 997, 883, 835, 775, 736, 701, 680, 
472 cm-1 
[α]D 26 -6.45 (c 2.1, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.50 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane: i-PrOH = 66:1; 
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Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 0.99 (d, J = 6.8 Hz, 3H), 1.08-1.16 (m, 21H), 1.29 (t, J = 7.2 Hz, 3H), 2.10-
1.17 (m, 1H), 2.22-2.30 (m, 1H), 2.30-2.39 (m, 1H), 2.41 (dd, J = 7.6, 15.6 Hz, 1H), 2.57 (dd, J = 6.0, 15.6 
Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 5.84 (dd, J = 1.2, 15.6 Hz, 1H), 6.90 (td, J = 7.2, 15.6 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 186.8, 166.3, 146.4, 123.4, 104.2, 96.0, 52.1, 38.9, 29.3, 19.6, 18.5, 18.5, 
18.5, 18.5, 18.5, 18.5, 14.2, 10.9, 10.9, 10.9, 10.9 
HRMS (ESI): [M+Na]+ calcd for C21H36O3SiNa: 387.2326, found: 387.2325 
IR(neat)ν 2146, 1727, 1677, 1462, 1070, 882, 682, 522, 483, 459, 431, 421, 413 cm-1 
[α]D 26 +10.8 (c 0.15, CHCl3) 
Rf (n-Hexane: EtOAc =3:1, color reagent: Hanessian’s stain reagent): 0.60 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane: i-PrOH = 66:1; 
flow rate 1.0 ml/min, major isomer tR = 5.91 min, minor isomer tR = 6.39 min) (76% ee). 
 
3.5. Preparation of compound 3-12 
 
  To a solution of aldehyde 3-9 (1.33 g, 7.0 mmol) and 4-(triisopropylsilyl)but-3-yn-2-one 3-8 (1.57 g, 7.0 
mmol) in EtOH (21 mL), H2O (378 µL, 21 mmol), diphenylprolinol silyl ether (456 mg, 1.4 mmol) and p-
nitrophenol (97.4 mg, 0.70 mmol) were added at room temperature. After stirred the reaction mixture at 
this temperature for 3 hours, its solvent was removed under reduced pressure. To a solution of the residue 
in t-BuOH: H2O = (3:1) (21 mL), NaH2PO4·H2O (2.18 g, 14 mmol), 2-methyl-2-butene (2.23 mL, 21 mmol) 
and NaClO2 (633 mg, 7.0 mmol) were added at 0 ºC. After stirred at this temperature for 2 hours, the 
reaction mixture was quenched by sat. aq. sodium hyposulfite (50 mL). The residue was diluted by EtOAc 
(20 mL). After separated, the aqueous layer was extracted with EtOAc (30 mL) for three times. The 
combined organic layers were evaporated under reduced pressure. The residue was directly used without 

















0 ºC, 2 h
MeI (3.0 equiv)
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(7.26 g, 75 mmol) were added at room temperature. After stirred at this temperature for 2 hours, the reaction 
mixture was quenched by sat. aq. ammonium chloride (60 mL). The residue was diluted by EtOAc (30 mL). 
After separated, the aqueous layer was extracted with EtOAc (50 mL) for three times. The combined 
organic layers were washed by brine, dried over on sodium sulfate, and evaporated under reduced pressure. 
The crude material was purified by column chromatography on silica gel (n-Hexane: EtOAc = 15:1) to give 
the target compound 3-12 (1.71 g, 3.85 mmol) in 55% yield. 
 
Methyl (R)-3-(dimethyl(phenyl)silyl)-5-oxo-7-(triisopropylsilyl)hept-6-ynoate (3-12) 
 
Yield: 55% (1.71 g) 
Physical State: Brown oil 
1H NMR (CDCl3, 400 MHz) δ 0.33 (s, 6H), 1.07-1.15 (m, 21H), 2.05-2.12 (m, 1H), 2.26 (dd, J = 8.0, 15.6 
Hz, 1H), 2.41 (dd, J = 6.0, 15.6 Hz, 1H), 2.55 (dd, J = 8.8, 16.8 Hz, 1H), 2.66 (dd, J = 8.8, 16.8 Hz, 1H) 
3.56 (s, 3H), 7.33-7.39 (m, 3H), 7.48-7.50 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 187.2, 173.3, 136.4, 133.9, 133.9, 129.4, 127.9, 127.9, 104.0, 95.7, 51.4, 
46.0, 34.4, 32.8, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 11.0, 11.0, 11.0, -4.48, -4.52 
HRMS (ESI): [M+Na]+ calcd for C25H40O3Si2Na: 467.2408, found: 467.2411 
IR(neat)ν 2946, 2867, 2146, 1721, 1676, 1464, 1428, 1367, 1261, 1185, 1112, 1044, 997, 883, 835, 815, 
775, 736, 701, 680, 581 cm-1 
[α]D 26 +14.3 (c 0.90, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.55 
 
3.6. Stereo-selective reduction of compound 3-12 
 
  To a solution of compound 3-12 (44.5 mg, 0.10 mmol) in MeOH (300 µL), sodium borohydride (11.3 
mg, 0.30 mmol) was added at 0 ºC. After stirred at this temperature for 1 hour, the reaction mixture was 
quenched by sat. aq. ammonium chloride (5 mL). The residue was diluted by EtOAc (5 mL). After separated, 
the aqueous layer was extracted with EtOAc (5 mL) for three times. The combined organic layers were 
washed by brine (20 mL) and dried over on sodium sulfate. The solvent was removed by evaporation under 














 - 116 - 
8:1) to give the target compound (39.2 mg, 0.088 mmol) in 88% yield. 
 
Methyl (3R,5S)-3-(dimethyl(phenyl)silyl)-5-hydroxy-7-(triisopropylsilyl)hept-6-ynoate (3-13) 
 
Yield: 88% (39.2 mg) 
Physical State: Brown oil 
1H NMR (CDCl3, 400 MHz) δ 0.321 (s, 6H), 1.03-1.14 (m, 21H), 1.60-1.66 (m, 1H), 1.70-1.81 (m, 1H), 
1.87-1.95 (m, 1H), 2.39 (dd, J = 8.0, 16.4 Hz, 1H), 2.46 (dd, J = 8.0, 16.4 Hz, 1H), 3.60 (d, J = 0.80 Hz, 
3H), 4.31 (dd, J = 4.0, 8.8 Hz, 1H), 7.34-7.36 (m, 3H), 7.48-7.50 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 175.5, 137.0, 133.9, 133.9, 129.3, 127.9, 127.9, 108.6, 85.4, 61.2, 51.9, 
39.1, 34.2, 18.6, 18.6, 18.6, 18.6, 18.6, 18.6, 11.1, 11.1, 11.1, -4.32, -4.87 
HRMS (ESI): [M+Na]+ calcd for C25H42O3Si2Na: 469.2565, found: 469.2564 
IR(neat)ν 2944, 2866, 2169, 1739, 1463, 1252, 1113, 1017, 883, 834, 816, 774, 735, 701, 678 cm-1 
[α]D 26 -3.04 (c 2.5, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.45 
 
3.5. Preparation of compound 3-20 
 
  To a solution of compound 3-13 (133 mg, 0.30 mmol) in THF (0.90 mL), TBAF (1.0 M in THF, 0.60 
mL, 0.60 mmol) was added at 0 ºC with stirring. Then, the reaction temperature was elevated to room 
temperature. After stirred at this temperature for 1 hour, the reaction mixture was quenched by sat. aq. 
ammonium chloride (20 mL). The residue was diluted by EtOAc (10 mL). After separated, aqueous layer 
was extracted with EtOAc (10 mL) for three times. The combined organic layers were dried over on sodium 
sulfate and evaporated under reduced pressure. The residue was purified by column chromatography on 
silica gel (n-Hecane/EtOAc = 1/6~1/2) to give desired alcohol (23.5 mg, 27%) and undesired lactone 3-15 
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Yield: 27% (23.5 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 0.322 (s, 6H), 1.57-1.64 (m, 1H), 1.67-1.73 (m, 1H), 1.94 (ddd, J = 2.8, 
9.6, 12.8 Hz, 1H), 2.22 (dd, J = 8.4, 16.8 Hz, 1H), 2.42-2.43 (m, 1H), 2.47 (dd, J = 3.6, 17.2 Hz, 1H), 3.63 
(s, 3H), 4.27 (d, J = 9.6 Hz, 1H), 7.35-7.37 (m, 3H), 7.49-7.51 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 175.9, 136.7, 133.9, 133.9, 129.3, 127.9, 127.9, 84.8, 72.7, 60.3, 52.0, 38.9, 
34.0, 16.8, -4.47, -4.92 
HRMS (ESI): [M+Na]+ calcd for C16H22O3SiNa: 313.1230, found: 313.1235 
IR(neat)ν 3448, 3291, 3070, 2952, 2116, 1733, 1428, 1253, 1113, 1043, 816, 775, 736, 702 cm-1 
[α]D 26 -18.2 (c 0.50, CHCl3) 




Yield: 61% (47.2 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) 0.343 (s, 3H), 0.347 (s, 3H), 1.83-1.96 (m, 3H), 2.24-2.36 (s, 1H), 2.58 (dd, 
J = 2.0, 10.0 Hz, 1H), 2.64 (dd, J = 4.2, 16.4 Hz, 1H), 5.14 (quin, J = 2.0 Hz, 1H), 7.36-7.42 (m, 2H), 7.46-
7.50 (m, 3H) 
13C NMR (CDCl3, 100 MHz) δ 170.0, 135.2, 133.8, 133.8, 129.8, 128.1, 128.1, 80.2, 75.6, 69.4, 30.6, 29.2, 
15.3, -5.60, -5.69 
HRMS (ESI): [M+Na]+ calcd for C15H18O2SiNa: 281.0968, found: 281.0964 
IR(neat)ν 3265, 2954, 2092, 1735, 1683, 1428, 1253, 1113, 816, 776, 737, 702 cm-1 
[α]D 26 +53.9 (c 1.0, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.30 
 
 
  To a solution of alcohol (20 mg, 0.076 mmol) in CH2Cl2 (1.0 mL), Mn2O (65.4 mg, 0.76 mmol) was 
added at room temperature. After stirred at this temperature for 1 hour, its solvent was removed under 
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under reduced pressure, the reaction mixture was purified by column chromatography on silica gel (n-
Hexane: EtOAc = 3:1) to give desired ketone 3-20 (16.9 mg, 0.058 mmol) in 76%. 
 
Methyl (R)-3-(dimethyl(phenyl)silyl)-5-oxohept-6-ynoate (3-20) 
 
Yield: 76% (16.9 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 0.326 (s, 6H), 2.02-2.09 (m, 1H), 2.22 (dd, J = 8.8, 15.6 Hz, 1H), 2.41 (dd, 
J = 5.6, 15.6 Hz, 1H), 2.58-2.70 (m, 2H), 3.20 (s, 1H), 3.57 (s, 3H), 7.35-7.40 (m, 3H), 7.48-7.51 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 186.8, 173.5, 136.2, 133.9, 133.9, 129.5, 128.0, 128.0, 81.3, 78.6, 51.6, 
45.8, 34.2, 17.6, -4.56, -4.61 
HRMS (ESI): [M+Na]+ calcd for C16H20O3SiNa: 311.1074, found: 311.1079 
IR(neat)ν 3281, 2925, 2359, 1719, 1439, 1263, 1015, 763 cm-1 
[α]D 26 -8.80 (c 0.050, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.60 
3.6. Reduction & intramolecular lactanization of compound 3-20 
 
  To a solution of compound 3-20 (14.4 mg, 0.050 mmol) in MeOH (150 µL), sodium borohydride (5.68 
mg, 0.15 mmol) was added at 0 ºC. After stirred at this temperature for 1 hour, the reaction mixture was 
quenched by sat. aq. ammonium chloride (0.5 mL). The residue was diluted by EtOAc (0.5 mL). After 
separated, the aqueous layer was extracted with EtOAc (1 mL) for three times. The combined organic layers 
were washed by brine (3 mL) and dried over sodium sulfate. The solvent was removed by evaporation 
under reduced pressure. It was difficult to determine the value of diastereo ratio because the both of peaks 
were overlap in 1H-NMR spectrum. To distinguished its peaks, alcohol was converted to lactone. To a 
solution of the residue in CH2Cl2 (0.5 mL), CSA (2.32 mg, 0.0020 mmol) was added at room temperature. 
After stirred at this temperature for 1 hour, the residue was directly purified by column chromatography (n-
Hexane: EtOAc = 5:1) to give compound 3-15 (9.8 mg, 0.038 mmol) with syn: anti = 3:1. Syn: anti ratio 
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(4R,6S)-4-(Dimethyl(phenyl)silyl)-6-ethynyltetrahydro-2H-pyran-2-one (3-15) 
 
Yield: 61% (47.2 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) 0.343 (s, 3H), 0.347 (s, 3H), 1.83-1.96 (m, 3H), 2.24-2.36 (s, 1H), 2.58 (dd, 
J = 2.0, 10.0 Hz, 1H), 2.64 (dd, J = 4.2, 16.4 Hz, 1H), 5.14 (quin, J = 2.0 Hz, 1H), 7.36-7.42 (m, 2H), 7.46-
7.50 (m, 3H) 
13C NMR (CDCl3, 100 MHz) δ 170.0, 135.2, 133.8, 133.8, 129.8, 128.1, 128.1, 80.2, 75.6, 69.4, 30.6, 29.2, 
15.3, -5.60, -5.69] 
HRMS (ESI): [M+Na]+ calcd for C15H18O2SiNa: 281.0968, found: 281.0964 
IR(neat)ν 3265, 2954, 2092, 1735, 1683, 1428, 1253, 1113, 816, 776, 737, 702 cm-1 
[α]D 26 +53.9 (c 1.0, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.30 
 
3.7. One-pot procedure of providing compound 3-14 from compound 3-8 
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0.50 mmol) in EtOH (2.0 mL), H2O (27 µL, 1.5 mmol), diphenylprolinol silyl ether (32.5 mg, 0.10 mmol) 
and p-nitrophenol (7.0 mg, 0.050 mmol) were added at room temperature. After stirred at this temperature 
for 12 hours, its solvent was removed by evaporation under reduced pressure. To a solution of the residue 
in t-BuOH/H2O = (3/1) (0.8 mL), NaH2PO4·H2O (312 mg, 1.0 mmol), 2-methyl-2-butene (160 µL, 1.5 
mmol) and NaClO2 (45 mg, 0.5 mmol) were added at 0 ºC. After stirred at this temperature for 2 hours, the 
oxidant in the reaction mixture was quenched by acetaldehyde (0.14 mL, 2.5 mmol). Its solvent and excess 
amount of acetaldehyde were removed by evaporation under reduced pressured. To a solution of the residue 
in Et2O: MeOH = (4:1) (1.0 mL), TMSCHN2 (2.0 M in Et2O, 75 µL, 1.5 mmol) was added at room 
temperature. After stirred at this temperature for 15 minutes, its solvent was removed by evaporation under 
reduced pressure. To a solution of the residue in MeOH (1.0 mL), sodium borohydride (56.0 mg, 1.5 mmol) 
was added at 0 ºC. After stirred at this temperature for 1 hour, the reductant was quenched by acetic acid 
(0.24 mL, 6.0 mmol). Its solvent and acetic acid were removed by evaporation under reduced pressure. To 
a solution of the residue in CH2Cl2 (1.5 mL), CSA (117 mg, 0.5 mmol) was added at room temperature. 
After stirred at this temperature for 1 hour, the reaction mixture was quenched by sat. aq. NaHCO3 (5 mL) 
and diluted by EtOAc (5 mL). After separated, the aqueous layer was extracted with EtOAc (5 mL) for 
three times. The combined organic layers were washed by brine (10 mL), dried over on sodium sulfate, and 
evaporated under reduced pressure. The crude material was purified by column chromatography on silica 




Yield: 42% (85.0 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 0.33 (s, 3H), 0.33 (s, 3H), 1.02-1.11 (m, 21H), 1.78-2.00 (m, 3H), 2.27 (dd, 
J =12.0, 18.0 Hz, 1H), 2.62 (ddd, J = 1.6, 6.0, 18.0 Hz, 1H), 5.19 (dd, J = 3.2, 4.4 Hz, 1H), 7.35-7.42 (m, 
3H), 7.45-7.48 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 170.1, 135.3, 133.8, 133.8, 129.7, 128.1, 128.1, 103.7, 89.1, 70.4, 30.7, 
29.8, 18.5, 18.5, 18.5, 18.5, 18.5, 18.5, 15.6, 11.0, 11.0, 11.0, -5.65, -5.76 
HRMS (ESI): [M+Na]+ calcd for C24H38O2Si2Na: 437.2303, found: 437.2300 
IR(neat)ν 2943, 2865, 2317, 1746, 1464, 1261, 1065, 977, 883, 814, 702, 668 cm-1 
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Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.45 
 
3.8. One-pot procedure of providing compound 3-19 from compound 3-14 
 
  To a solution of compound 3-14b (82.8 mg, 0.20 mmol) in THF, TBAF (1.0 M in THF, 300 µL, 0.30 
mmol) was added at 0 ºC. After stirred at this temperature for 30 minutes, acetic acid (34.3 µL, 0.60 mmol) 
was added. Then solvent was removed by evaporation under reduced pressure. To a solution of the residue 
in CH2Cl2 (0.30 mL), MgSO4 (82.8 mg) and HBF4·OEt2 (272 µL, 2.0 mmol) were added at 40 ºC. After 
stirred at this temperature for 2 hours, TBAOH (10% in MeOH, 5.2 mL, 2.0 mmol) was added. Then solvent 
was removed by evaporation under reduced pressure. To a solution of the residue in THF: MeOH = (1:1) 
(0.30 mL), KF (34.9 mg, 0.60 mmol), KHCO3 (60.0 mg, 0.60 mmol) and aq. H2O2 (35% in H2O, 40.2 µL, 
0.60 mmol) were added at 40 ºC. After stirred at this temperature for 2 hours, solvent was removed by 
evaporation under reduced pressure. To a solution of the residue in 2,2-dimethoxy propane (0.60 mL), 
TsOH·H2O (133 mg, 0.70 mmol) was added at 50 ºC. After stirred at this temperature for 2 hours, the 
reaction mixture was quenched by sat. aq. NaHCO3 (5 mL) and diluted by EtOAc (5 mL). The aqueous 
layer was extracted with EtOAc (5 mL) for three times. The combined organic layers were washed with 
brine (20 mL), dried over on sodium sulfate. Its solvent was removed by evaporation under reduced pressure. 
The residue was purified by column chromatography on silica gel (n-Hexane: EtOAc = 4:1) to give 
corresponding compound 3-19 (17.0 mg, 0.080 mmol) in 40% isolated yield. 
 
Methyl 2-((4R,6S)-6-ethynyl-2,2-dimethyl-1,3-dioxan-4-yl)acetate (3-19) 
 
Yield: 40% (17.0 mg) 
TBAF (2.0 equiv)





CH2Cl2, 40 ºC, 2 h;




aq. H2O2 (3.0 equiv)
THF/MeOH (1/1)
40 ºC, 1 h
TsOH•H2O (3.5 equiv)
Dimetoxypropane
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Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 1.42 (s, 3H), 1.47 (s, 3H), 1.67 (t, J =13.2 Hz, 1H), 1.85 (td, J = 2.4, 16.8 
Hz, 1H), 2.40 (dd, J = 6.0, 16.0 Hz, 1H), 2.45 (d, J = 2.0 Hz, 1H), 2.56 (dd, J = 7.2, 16.0 Hz, 1H), 3.69 (s, 
3H), 4.31 (dsext, J = 2.4, 6.4 Hz, 1H), 4.69 (td, J = 2.4, 11.6 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 171.0, 99.6, 82.2, 72.9, 65.4, 60.0, 51.7, 40.8, 36.7, 30.0, 19.3 
HRMS (ESI): [M+Na]+ calcd for C11H16O4Na: 235.0941, found: 235.0940 
IR(neat)ν 3276, 2926, 2126, 1728, 1462, 1381, 1262, 1200, 1166, 1123, 1011, 924, 845, 743, 665, 557 cm-
1 
[α]D 26 -1.97 (c 1.1, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.40 
 
3.9. Lindlar reduction of compound 3-19 to determine its absolute configuration 
 
  To a solution of compound 3-19 (12.7 mg, 0.060 mmol) in toluene (1.0 mL), Lindlar’s catalyst (2.0 mg) 
and quinolone (7.11 µL, 0.060 mmol) were added at room temperature under H2 atmosphere (1 atm). After 
stirred at this condition for 3 hours, the residue was filtrated by Celite®. The solvent was removed by 
evaporation under reduced pressure. The residue was purified by column chromatography on silica gel (n-
Hexane: EtOAc = 4:1) to give corresponding compound 3-22 (11.7 mg, 0.055 mmol) in 91% isolated yield. 
All Spectrum data of target compound were matched to reported data3-1). The reported value of optical 
rotation is [a]D20 -2.8 (c 1.4, CHCl3) and observed one was [a]D27 -2.9 (c 1.0 CHCl3). Thus, absolute 




Methyl 2-((4R,6S)-2,2-dimethyl-6-vinyl-1,3-dioxan-4-yl)acetate (3-22) 
 
Yield: 91% (11.7 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 1.30 (q, J = 12.8, 1H), 1.41 (s, 3H), 1.49 (s, 3H), 1.66 (td, J = 2.4, 12.8 Hz, 





Lindlar catalyst (10 wt%)
quinoline(1.0 equiv)




[α]28D = -2.9 (c = 1.0)
lit.  [α]20D = -2.8 (c = 1.4)
O O
CO2Me
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(td, J = 1.6, 10.4 Hz, 1H), 5.26 (td, J = 1.2, 17.2 Hz, 1H), 5.81 (ddd, J = 6.0, 10.4, 17.2 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 171.3, 138.4, 115.6, 98.9, 70.0, 65.6, 51.7, 41.1, 36.2, 30.0, 19.7 
HRMS (ESI): [M+Na]+ calcd for C11H18O4 Na: 237.1097, found: 237.1097 
IR(neat)ν 2994, 2951, 1740, 1438, 1381, 1314, 1259, 1200, 1169, 1097, 999, 925, 848 cm-1 
[a]D27 -2.9 (c 1.0 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.35 
 
3.10. References 




4.1. Typical procedure of asymmetric domino Michael/Michael reaction to provide cyclopentanone 
derivative 
 
  To a solution of cinnamaldehyde (19.6 mg, 0.15 mmol) and ethyl 4-oxo-2-pentenoate 4-5 (42.6 mg, 0.30 
mmol) in i-PrOH (75 µL), H2O (8.1 µL, 0.45 mmol), diphenylprolinol silyl ether 4-3 (4.88 mg, 0.015 mmol), 
p-nitrophenol (20.8 mg, 0.15 mmol) were added at room temperature. After stirring the reaction mixture at 
this temperature for 10 h, the reaction mixture was directly purified by column chromatography on silica 
gel (n-Hexane: EtOAc = 6:1) to give the target compound (40.3 mg, 0.147 mmol) in 98% yield (single 
isomer). 
 
4.2. Compounds information 
 
Ethyl 2-((1S,2R,3S)-2-formyl-5-oxo-3-phenylcyclopentyl)acetate (Table 4-2, entry 1) 
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Physical State: White solid (m.p. 82.0~84.0 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.26 (t, J = 7.2 Hz, 3H), 2.66-2.75 (m, 2H), 2.81-2.87 (m, 2H), 2.91 (q, J 
= 10.8 Hz, 1H), 3.40 (dt, J = 2.0, 11.2 Hz, 1H), 3.50 (dt, J = 8.0, 11.6 Hz, 1H), 4.14 (dq, J = 1.6, 7.2 Hz, 
2H), 7.27-7.40 (m, 5H), 9.69 (d, J = 1.6 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 213.7, 200.9, 171.5, 140.1, 129.0, 129.0, 127.6, 127.2, 127.2, 61.1, 59.9, 
46.7, 45.8, 42.4, 32.5, 14.1 
HRMS (ESI): [M+Na]+ calcd for C16H18O4Na: 297.1097, found: 297.1100 
IR(neat)ν 2982, 1726, 1497, 1455, 1406, 1376, 1197, 1031, 763, 702 cm-1 
[α]D 26 +92.83 (c 3.2, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.45 
 
Ethyl 2-((1S,2R,3S)-2-formyl-3-(naphthalen-2-yl)-5-oxocyclopentyl)acetate (Table 4-2, entry 2) 
 
Yield: 84% (40.9 mg) 
Physical State: White solid (m.p. 73.0~75.0 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.28 (t, J = 7.2 Hz, 3H), 2.72-3.00 (m, 5H), 3.54 (dt, J = 2.4, 11.2 Hz, 1H), 
3.64 (dt, J = 8.0, 11.6 Hz, 1H), 4.16 (dq, J = 1.2, 7.2 Hz, 2H), 7.46-7.53 (m, 3H), 7.78-7.89 (m, 4H), 9.72 
(d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 213.7, 200.9, 171.6, 137.4, 133.4, 132.8, 129.2, 127.7, 127.7, 126.5, 126.3, 
126.2, 124.8, 61.1, 59.7, 46.7, 45.8, 42.7, 32.6, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H20O4Na: 347.1254, found: 347.1258 
IR(neat)ν 1726, 1727, 1508, 1406, 1396, 1405, 1396, 1375, 1301, 1269, 1238, 1197, 1154, 1030, 860, 822, 
751, 478 cm-1 
[α]D 26 +79.98 (c 1.2, CHCl3) 
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Ethyl 2-((1S,2R,3S)-2-formyl-5-oxo-3-(p-tolyl)cyclopentyl)acetate (Table 4-2, entry 3) 
 
Yield: 91% (39.5 mg) 
Physical State: White solid (m.p. 80.5~83.1 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.26 (t, J = 7.2 Hz, 3H), 2.34 (s, 3H), 2.67 (dd, J = 12.0, 18.8 Hz, 1H), 
2.69-2.75 (m, 1H), 2.81-2.90 (m, 2H), 3.35 (dt, J = 2.0, 11.2 Hz, 1H), 3.43 (dt, J = 8.0, 11.2 Hz, 1H), 4.14 
(dq, J = 1.6, 7.2 Hz, 2H), 7.17 (d, J = 7.6 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 9.68 (d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 213.8, 201.1, 171.3, 137.4, 137.0, 129.7, 129.7, 127.1, 127.1, 61.0, 60.0, 
46.7, 45.8, 42.1, 32.5, 21.0, 14.1 
HRMS (ESI): [M+Na]+ calcd for C17H20O4Na: 311.1254, found: 311.1256 
IR(neat)ν 1726, 1238, 1192, 1030, 817, 503, 490, 467, 434, 418, 406 cm-1 
[α]D 26 +76.44 (c 2.8, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.40 
 
Ethyl 2-((1S,2R,3S)-2-formyl-3-(4-methoxyphenyl)-5-oxocyclopentyl)acetate (Table 4-2, entry 4) 
 
Yield: 88% (40.2 mg) 
Physical State: White solid (m.p. 95.4~98.1 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.24 (t, J = 7.2 Hz, 3H), 2.63 (dd, J = 12.0, 18.8 Hz, 1H), 2.65 (dd, J = 3.2, 
16.8 Hz, 1H), 2.78-2.89 (m, 3H), 3.32 (dt, J = 1.6, 11.2 Hz, 1H), 3.40 (dt, J = 8.0, 11.2 Hz, 1H), 3.79 (s, 
3H), 4.12 (dq, J = 1.6, 7.2 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 7.24 (d, J = 8.4 Hz, 2H), 9.66 (d, J = 1.6 Hz, 
1H) 
13C NMR (CDCl3, 100 MHz) δ 213.8, 201.1, 171.5, 158.9, 131.9, 128.2, 128.2, 114.4, 114.4, 61.0, 60.1, 
55.3, 46.7, 45.9, 41.7, 32.5, 14.1 
HRMS (ESI): [M+Na]+ calcd for C17H20O5Na: 327.1202, found: 327.1207 
IR(neat)ν 2981, 1745, 1726, 1613, 1516, 1376, 1298, 1252, 1182, 1157, 1033, 832 cm-1 
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Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.19 
 
Ethyl 2-((1S,2R,3S)-3-(4-fluorophenyl)-2-formyl-5-oxocyclopentyl)acetate (Table 4-2 entry 5) 
 
Yield: 81% (35.5 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.26 (t, J = 7.2 Hz, 3H), 2.65 (dd, J = 12.0, 18.8 Hz, 1H), 2.72 (dd, J = 4.4, 
17.2 Hz, 1H), 2.81 (dddd, J = 0.80, 4.4, 5.6, 11.6 Hz, 1H), 2.89 (dd, J = 5.6, 17.6 Hz, 1H), 2.89 (ddd, J = 
0.80, 8.8, 18.8 Hz, 1H), 3.36 (dt, J = 2.0, 11.6 Hz, 1H), 3.47 (dt, J = 8.0, 11.6 Hz, 1H), 4.14 (dq, J = 2.0, 
7.2 Hz, 2H), 7.06 (d, J = 8.8 Hz, 2H), 7.32 (dd, J = 5.2, 8.4 Hz, 2H), 9.68 (d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 213.4, 200.7, 171.5, 162.1 (d, JC-F = 246 Hz), 135.9 (d, JC-F = 3.0 Hz), 
128.8 (d, JC-F = 8.0 Hz), 128.8 (d, JC-F = 8.0 Hz), 116.1 (d, JC-F = 21 Hz), 116.1 (d, JC-F = 21 Hz), 61.1, 60.1, 
46.7, 45.8, 41.6, 32.5, 14.1 
HRMS (ESI): [M+Na]+ calcd for C16H17FO4Na: 315.1003, found: 315.1009 
IR(neat)ν 2983, 1747, 1727, 1605, 1513, 1376, 1350, 1226, 1197, 1160, 1097, 1030, 838, 737 cm-1 
[α]D 26 +69.17 (c 1.0, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.30 
Ethyl 2-((1S,2R,3S)-3-(4-chlorophenyl)-2-formyl-5-oxocyclopentyl)acetate (Table 4-2, entry 6) 
 
Yield: 85% (39.5 mg) 
Physical State: White solid (m.p. 70.4~72.9 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.26 (t, J = 7.2 Hz, 3H), 2.65 (dd, J = 11.6, 18.8 Hz, 1H), 2.72 (dd, J = 3.6, 
17.2 Hz, 1H), 2.81 (dddd, J = 1.2, 3.6, 4.8, 10.8 Hz, 1H), 2.89 (ddd, J = 1.2, 8.0, 18.4 Hz, 1H), 2.65 (dd, J 
= 5.2, 17.6 Hz, 1H), 3.37 (dt, J = 2.0, 11.2 Hz, 1H), 3.46 (dt, J = 8.0, 11.6 Hz, 1H), 4.14 (dq, J = 2.0, 7.2 
Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 9.68 (d, J = 2.4 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 213.2, 200.5, 171.5, 138.7, 133.4, 129.2, 129.2, 128.6, 128.6, 61.1, 59.8, 
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HRMS (ESI): [M+Na]+ calcd for C16H17ClO4Na: 331.0708, found: 331.0714 
IR(neat)ν 2981, 1727, 1494, 1414, 1376, 1414, 1376, 1350, 1196, 1092, 1030, 1014, 830 cm-1 
[α]D 26 +57.31 (c 1.1, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.32 
 
Ethyl 2-((1S,2R,3S)-3-(4-bromophenyl)-2-formyl-5-oxocyclopentyl)acetate (Table 4-2, entry 7) 
 
Yield: 83% (43.8 mg) 
Physical State: White solid (m.p. 86.4~88.3 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.26 (t, J = 7.2 Hz, 3H), 2.65 (dd, J = 12.0, 19.2 Hz, 1H), 2.71 (dd, J = 4.0, 
17.2 Hz, 1H), 2.80 (dddd, J = 1.2, 3.2, 4.8, 10.4 Hz, 1H), 2.88 (ddd, J = 1.6, 8.0, 18.4, Hz, 1H), 2.90 (dd, J 
= 5.6, 17.2 Hz, 1H), 3.36 (dt, J = 2.0, 11.2 Hz, 1H), 3.44 (dt, J = 8.0, 11.6 Hz, 1H), 4.13 (dq, J = 2.0, 7.2 
Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H), 7.49 (d, J = 8.8 Hz, 2H), 9.67 (d, J = 2.4 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 213.2, 200.5, 171.5, 139.2, 132.2, 132.2, 129.0, 129.0, 121.4, 61.1, 59.8, 
46.7, 45.6, 41.8, 32.5, 14.1 
HRMS (ESI): [M+Na]+ calcd for C16H17BrO4Na: 375.0202, found: 375.0202 
IR(neat)ν 3463, 1745, 1726, 1490, 1375, 1239, 1196, 1157, 1074, 1029, 1010, 825 cm-1 
[α]D 26 +35.95 (c 2.8, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.32 
 
Ethyl 2-((1S,2R,3S)-3-(3-bromophenyl)-2-formyl-5-oxocyclopentyl)acetate (Table 4-2, entry 8) 
 
Yield: 74% (39.1 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.27 (t, J = 7.2 Hz, 3H), 2.66 (dd, J = 11.6, 18.4 Hz, 1H), 2.66 (dd, J = 
11.6, 18.4 Hz, 1H), 2.72 (dd, J = 3.2, 17.2 Hz, 1H), 2.81 (dddd, J = 1.2, 3.2, 5.6, 11.2 Hz, 1H), 2.89 (ddd, 
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11.2 Hz, 1H), 4.14 (dq, J = 1.6, 7.2 Hz, 2H), 7.23 (d, J = 7.6 Hz, 1H), 7.28 (td, J = 1.6, 9.6 Hz, 1H), 7.43 
(td, J = 2.0, 7.6 Hz, 1H), 7.49 (d, J = 2.0 Hz, 1H), 9.69 (d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 213.0, 200.4, 171.4, 142.5, 130.8, 130.7, 130.3, 126.0, 123.1, 61.2, 59.6, 
46.7, 46.0, 42.0, 32.5, 14.1 
HRMS (ESI): [M+Na]+ calcd for C16H17BrO4Na: 375.0202, found: 375.0202 
IR(neat)ν 1726, 1375, 1239, 1195, 1092, 1074, 1029, 787, 695, 442, 431, 413 cm-1 
[α]D 26 +115.6 (c 1.0, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.36 
 
Ethyl 2-((1S,2R,3S)-3-(2-bromophenyl)-2-formyl-5-oxocyclopentyl)acetate (Table 4-2, entry 9) 
 
Yield: 82% (43.2 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.26 (t, J = 7.2 Hz, 3H), 2.55 (dd, J = 12.0, 18.8 Hz, 1H), 2.74 (dd, J = 5.2, 
19.2 Hz, 1H), 2.85-2.92 (m, 2H), 2.99 (dd, J = 8.4, 18.4 Hz, 1H), 3.43 (dt, J = 2.8, 11.2 Hz, 1H), 4.04 (dt, 
J = 8.4, 11.6 Hz, 1H), 4.14 (dq, J = 2.0, 7.2 Hz, 2H), 7.16 (ddd, J = 1.6, 7.2, 8.0 Hz, 1H), 7.37 (dt, J = 1.2, 
7.6 Hz, 1H), 7.49 (dd, J = 1.6, 8.0 Hz, 1H), 7.60 (dd, J = 1.2, 8.0 Hz, 1H), 9.69 (d, J = 2.4 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 213.2, 200.1, 171.6, 139.3, 133.3, 129.0, 128.4, 127.7, 124.8, 61.1, 59.4, 
46.3, 44.7, 40.6, 32.5, 14.1 
HRMS (ESI): [M+H]+ calcd for C16H17BrO4H: 353.0383, found: 353.0386 
IR(neat)ν 1747, 1727, 1473, 1375, 1239, 1196, 1157, 1026, 757 cm-1 
[α]D 26 +19.29 (c 3.0, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.30 
 
Ethyl 2-((1S,2R,3S)-2-formyl-3-(furan-2-yl)-5-oxocyclopentyl)acetate (Table 4-2, entry 10) 
 
Yield: 79% (31.5 mg) 
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1H NMR (CDCl3, 400 MHz) δ 1.25 (t, J = 7.2 Hz, 3H), 2.68-2.76 (m, 2H), 2.80-2.88 (m, 3H), 3.31 (dt, J 
= 2.0, 10.4 Hz, 1H), 3.59 (dt, J = 8.4, 11.2 Hz, 1H), 4.17 (dq, J = 1.6, 7.2 Hz, 2H), 6.17 (d, J = 0.80, 3.2 
Hz, 1H), 6.33 (d, J = 2.0, 3.2 Hz, 1H), 7.36 (dd, J = 0.80, 2.0 Hz, 1H), 9.84 (d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 211.7, 200.5, 171.2, 153.2, 142.2, 110.4, 106.2, 61.0, 57.6, 46.4, 42.2, 35.2, 
32.6, 14.0 
HRMS (ESI): [M+Na]+ calcd for C14H16O5Na: 265.1071, found: 265.1076 
IR(neat)ν2983, 1748, 1730, 1409, 1376, 1346, 1240, 1195, 1154, 1014, 742 cm-1 
[α]D 26 +112.7 (c 0.86, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.25 
 
Ethyl 2-((1S,2R,3S)-3-(dimethyl(phenyl)silyl)-2-formyl-5-oxocyclopentyl)acetate (Table 4-2, entry 
11) 
 
Yield: 90% (45.1 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 0.365 (s, 3H), 0.381 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H), 1.73 (ddd, J = 8.8, 
12.0, 13.2 Hz, 1H), 2.18 (dd, J = 13.2, 18.8 Hz, 1H), 2.49 (ddd, J = 1.2, 8.8, 18.4 Hz, 1H), 2.53 (dd, J = 
6.8, 17.6 Hz, 1H), 2.62 (dd, J = 4.0, 17.6 Hz, 1H), 2.69 (dddd, J = 1.2, 4.0, 6.4, 12.0 Hz, 1H), 2.82 (dt, J = 
3.6, 12.0 Hz, 1H), 4.06 (dq, J = 1.6, 7.2 Hz, 2H), 7.36-7.41 (m, 3H), 7.48-7.51 (m, 2H), 9.43 (d, J = 3.2 Hz, 
1H) 
13C NMR (CDCl3, 100 MHz) δ 215.5, 201.1, 171.3, 135.6, 133.8, 133.8, 129.8, 128.1, 128.1, 60.9, 55.9, 
47.5, 38.7, 32.7, 22.7, 14.0, -4.43, -4.65 
HRMS (ESI): [M+Na]+ calcd for C18H24O4SiNa: 355.1336, found: 355.1340 
IR(neat)ν 1725, 1427, 1375, 1253, 1189, 1113, 1026, 835, 818, 775, 736, 701 cm-1 
[α]D 26 +59.42 (c 3.8, CHCl3) 
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4.3. Typical procedure of Wittig reaction to determine the value of ee 
 
  To a solution of aldehyde (27.4 mg, 0.10 mmol) in toluene (100 µL), Wittig reagent (69.6 mg, 0.20 
mmol) was added at room temperature. After stirring the reaction mixture at this temperature for 1 hour, 
the reaction mixture was directly purified by column chromatography on silica gel (n-Hexane: EtOAc = 
3:1) to give the target compound (32.7 mg, 0.095 mmol) in 95% yield (single isomer). 
  The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 31.8 min, minor isomer tR = 43.5 min) (>99% ee). 
 




Yield: 95% (32.7 mg) 
Physical State: White solid (m.p. 85.0~87.1 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.22 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.2 Hz, 3H), 2.48 (dddd, J = 1.2, 4.8, 
5.2, 11.6 Hz, 1H), 2.56 (dd, J = 4.8, 17.6 Hz, 1H), 2.61 (dd, J = 12.4, 18.8 Hz, 1H), 2.77 (dd, J = 5.2, 17.6 
Hz, 1H), 2.83 (ddd, J = 1.2, 8.0, 18.8 Hz, 1H), 3.04 (dd, J = 8.8, 11.2 Hz, 1H), 3.18 (dt, J = 8.0, 12.0 Hz, 
1H), 4.08-4.16 (m, 4H), 5.64 (d, J = 15.6 Hz, 1H), 6.78 (dd, J = 8.8, 15.6 Hz, 1H), 7.23-7.25 (m, 3H), 7.29-
7.33 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 214.5, 171.3, 165.8, 147.1, 140.2, 128.8, 128.8, 127.3, 127.3, 127.2, 123.7, 
60.9, 60.5, 51.6, 51.5, 46.5, 45.6, 31.7, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H24O5Na: 367.1516, found: 367.1520 
IR(neat)ν 1744, 1726, 1372, 1308, 1269, 1250, 1227, 1188, 1154, 1033 cm-1 
[α]D 26 +91.61 (c 1.2, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
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Yield: 90% (35.5 mg) 
Physical State: White solid (m.p. 95.1~97.8 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.21 (t, J = 7.2 Hz, 3H), 1.28 (t, J = 7.2 Hz, 3H), 2.55 (dddd, J = 0.80, 4.4, 
5.2, 11.2 Hz, 1H), 2.62 (dd, J = 4.4, 17.2 Hz, 1H), 2.73 (dd, J = 12.0, 18.8 Hz, 1H), 2.83 (dd, J = 5.2, 17.2 
Hz, 1H), 2.91 (ddd, J = 0.80, 8.0, 18.4 Hz, 1H), 3.19 (dd, J = 9.2, 11.2 Hz, 1H), 3.36 (dt, J = 8.0, 12.0 Hz, 
1H), 4.06-4.20 (m, 4H), 5.66 (dd, J = 0.4, 15.6 Hz, 1H), 6.78 (dd, J = 8.8, 15.6 Hz, 1H), 7.34 (dd, J = 2.0, 
8.8 Hz, 1H), 7.44-7.51 (m, 2H), 7.68 (m, 1H), 7.79-7.84 (m, 3H) 
13C NMR (CDCl3, 100 MHz) δ 214.4, 171.4, 165.7, 147.1, 137.6, 133.4, 132.6, 128.7, 127.7, 126.3, 126.3, 
125.8, 125.0, 123.8, 61.0, 60.4, 51.6, 51.5, 46.8, 45.7, 31.7, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C24H26O5Na: 417.1673, found: 417.1673 
IR(neat)ν 3460, 1744, 1725, 1655, 1372, 1306, 1271, 1230, 1191, 1154 cm-1 
[α]D 26 +96.47 (c 2.6, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 30.2 min, minor isomer tR = 50.9 min) (>99% ee). 




Yield: 92% (32.8 mg) 
Physical State: White solid (m.p. 91.5~93.2 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.25 (t, J = 7.2 Hz, 6H), 2.36 (s, 3H), 2.49 (dddd, J = 0.80, 4.4, 5.2, 11.6 
Hz, 1H), 2.58 (dd, J = 4.4, 17.2 Hz, 1H), 2.59 (dd, J = 12.0, 18.8 Hz, 1H), 2.76 (dd, J = 5.2, 17.2 Hz, 1H), 
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4.18 (m, 4H), 5.67 (dd, J = 0.4, 15.6 Hz, 1H), 6.79 (dd, J = 8.8, 15.6 Hz, 1H), 7.13 (s, 4H) 
13C NMR (CDCl3, 100 MHz) δ 214.6, 171.4, 165.8, 147.3, 137.1, 136.8, 129.5, 129.5, 127.2, 127.2, 123.6, 
60.9, 60.5, 51.7, 51.6, 46.1, 45.7, 31.7, 21.0, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C21H26O5Na: 381.1673, found: 381.1684 
IR(neat)ν 1746, 1731, 1655, 1373, 1349, 1308, 1269, 1249, 1228, 1214, 1185, 1155, 1096, 1034, 818 cm-
1 
[α]D 26 +131.4 (c 0.34, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 23.7 min, minor isomer tR = 31.5 min) (>99% ee). 




Yield: 85% (31.8 mg) 
Physical State: Yellow solid (m.p. 105~106 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.25 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.49 (dtd, J = 0.80, 4.8, 
11.6 Hz, 1H), 2.57 (dd, J = 12.0, 18.8 Hz, 1H), 2.58 (dd, J = 4.8, 17.2 Hz, 1H), 2.78 (dd, J = 4.8, 16.8 Hz, 
1H), 2.82 (ddd, J = 1.2, 8.0, 18.4 Hz, 1H), 2.99 (dd, J = 9.2, 11.2 Hz, 1H), 3.15 (ddd, J = 8.0, 11.2, 12.0 
Hz, 1H), 3.79 (s, 3H), 4.09-4.17 (m, 4H), 5.66 (dd, J = 1.2 , 15.6 Hz, 1H), 6.79 (dd, J = 8.8, 15.6 Hz, 1H), 
7.13 (s, 4H) 
13C NMR (CDCl3, 100 MHz) δ 214.7, 171.4, 165.8, 158.6, 147.3, 132.2, 128.3, 128.3, 123.7, 114.2, 114.2, 
60.9, 60.5, 55.3, 51.9, 51.6, 45.8, 45,7, 31.7, 14.2, 14.1 
HRMS (ESI): [M+Na]+ calcd for C21H26O6Na: 397.1622, found: 397.1627 
IR(neat)ν 2982, 1745, 1730, 1655, 1515, 1373, 1308, 1252, 1226, 1183, 1035, 832 cm-1 
[α]D 26 +85.60 (c 0.57, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 37.9 min, minor isomer tR = 58.1 min) (>99% ee). 
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Ethyl (E)-3-((1R,2S,5S)-2-(2-ethoxy-2-oxoethyl)-5-(4-fluorophenyl)-3-oxocyclopentyl)acrylate 
 
Yield: 92% (33.2 mg) 
Physical State: White solid (m.p. 100~102 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.25 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.48 (dddd, J = 0.80, 4.8, 
5.2, 11.2 Hz, 1H), 2.58 (dd, J = 4.8, 17.2 Hz, 1H), 2.59 (dd, J = 12.0, 18.8 Hz, 1H), 2.81 (dd, J = 5.2, 17.2 
Hz, 1H), 2.83 (ddd, J = 0.80, 8.0, 18.8 Hz, 1H), 3.01 (dd, J = 9.2, 10.8 Hz, 1H), 3.18 (ddd, J = 8.0, 11.2, 
12.0 Hz, 1H), 4.09-4.18 (m, 4H), 5.65 (dd, J = 0.80 , 15.6 Hz, 1H), 6.77 (dd, J = 9.2, 15.6 Hz, 1H), 7.02 (t, 
J = 8.8 Hz, 2H), 7.21 (dd, J = 5.2, 8.8 Hz, 2H) 
13C NMR (CDCl3, 100 MHz) δ 214.2, 171.3, 165.7, 161.8 (d, JC-F = 245 Hz), 146.8, 135.9 (d, JC-F = 3.0 
Hz), 128.8 (d, JC-F = 8.0 Hz), 128.8 (d, JC-F = 8.0 Hz), 123.9, 115.8 (d, JC-F = 21 Hz), 115.8(d, JC-F = 21 Hz), 
60.9, 60.5, 51.8, 51.5, 45.8, 45.6, 31.6, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H23FO5Na: 385.1421, found: 385.1417 
IR(neat)ν 1745, 1720, 1655, 1512, 1373, 1308, 1270, 1226, 1186, 1159, 1095, 1033, 837 cm-1 
[α]D 26 +72.19 (c 1.0, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 23.7 min, minor isomer tR = 41.9 min) (>99% ee). 




Yield: 81% (30.7 mg) 
Physical State: White solid (m.p. 103~105 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.25 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.47 (dtd, J = 0.80, 4.8, 
11.6 Hz, 1H), 2.57 (dd, J = 4.4, 17.6 Hz, 1H), 2.58 (dd, J = 12.4, 18.8 Hz, 1H), 2.80 (dd, J = 4.8, 17.6 Hz, 
1H), 2.83 (ddd, J = 0.80, 8.0, 18.8 Hz, 1H), 3.01 (dd, J = 9.2, 11.2 Hz, 1H), 3.17 (dd, J = 8.0, 12.0 Hz, 1H), 
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1H), 7.30 (d, J = 8.4 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 214.0, 171.3, 165.6, 146.7, 138.8, 132.9, 129.0, 129.0, 128.7, 128.7, 124.0, 
61.0, 60.5, 51.7, 51.5, 45.9, 45.4, 31.6, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C21H26ClO6Na: 401.1126, found: 401.1125 
IR(neat)ν 1745, 1720, 1495, 1373, 1308, 1272, 1249, 1227, 1187, 1155, 1092, 1033 cm-1 
[α]D 26 +80.34 (c 1.0, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 19.5 min, minor isomer tR = 34.3 min) (>99% ee). 




Yield: 96% (40.6 mg) 
Physical State: White solid (m.p. 105~107 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.25 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 2.47 (dtd, J = 1.2, 4.8, 
11.2 Hz, 1H), 2.57 (dd, J = 4.8, 17.6 Hz, 1H), 2.58 (dd, J = 12.0, 18.8 Hz, 1H), 2.81 (dd, J = 4.8, 17.6 Hz, 
1H), 2.83 (ddd, J = 0.80, 8.0, 18.8 Hz, 1H), 3.02 (dd, J = 9.2, 11.2 Hz, 1H), 3.16 (dt, J = 8.0, 12.0 Hz, 1H), 
4.07-4.19 (m, 4H), 5.66 (dd, J = 0.80 , 15.6 Hz, 1H), 6.77 (dd, J = 9.2, 15.6 Hz, 1H), 7.12 (d, J = 8.4 Hz, 
2H), 7.45 (d, J = 8.4 Hz, 2H) 
13C NMR (CDCl3, 100 Hz) δ 214.0, 171.3, 165.6, 146.7, 139.2, 131.9, 131.9, 129.0, 129.0, 124.0, 121.0, 
61.0, 60.5, 51.6, 51.5, 46.0, 45.4, 31.6, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H23BrO6Na: 445.0621, found: 3445.0634 
IR(neat)ν 1724, 1373, 1308, 1273, 1227, 1187, 1034, 1010 cm-1 
[α]D 26 +67.76 (c 1.6, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 20.6 min, minor isomer tR = 36.8 min) (>99% ee). 
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Ethyl (E)-3-((1R,2S,5S)-5-(3-bromophenyl)-2-(2-ethoxy-2-oxoethyl)-3-oxocyclopentyl)acrylate 
 
Yield: 94% (39.7 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.26 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 2.48 (dtd, J = 0.80, 4.8, 
11.2 Hz, 1H), 2.58 (dd, J = 4.4, 17.2 Hz, 1H), 2.58 (dd, J = 12.0, 18.8 Hz, 1H), 2.80 (dd, J = 5.2, 17.2 Hz, 
1H), 2.84 (ddd, J = 0.80, 8.0, 18.8 Hz, 1H), 3.04 (dd, J = 8.8, 11.2 Hz, 1H), 3.15 (dt, J = 8.0, 12.0 Hz, 1H), 
4.09-4.18 (m, 4H), 5.68 (dd, J = 0.80 , 15.6 Hz, 1H), 6.77 (dd, J = 8.8, 15.6 Hz, 1H), 7.16-7.20 (m, 2H), 
7.37-7.40 (m, 2H) 
13C NMR (CDCl3, 100 Hz) δ 213.8, 171.3, 165.6, 146.5, 142.7, 130.4, 130.3, 130.3, 126.1, 124.0, 122.8, 
61.0, 60.6, 51.5, 51.4, 46.2, 45.5, 31.6, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H23BrO6Na: 445.0621, found: 445.0628 
IR(neat)ν 1745, 1724, 1655, 1476, 1373, 1349, 1308, 1270, 1249, 1227, 1187, 1155, 1095, 1074, 1033, 
787, 695 cm-1 
[α]D 26 +57.39 (c 1.2, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 23.8 min, minor isomer tR = 40.0 min) (>99% ee). 




Yield: 93% (39.2 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.25 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 2.41 (dd, J = 12.4, 18.8 
Hz, 1H), 2.54 (dddd, J = 0.80, 4.0, 5.2, 11.6 Hz, 1H), 2.61 (dd, J = 4.0, 17.2 Hz, 1H), 2.81 (dd, J = 5.2, 
17.2 Hz, 1H), 2.97 (ddd, J = 0.80, 8.0, 18.8 Hz, 1H), 3.20 (dt, J = 9.2, 11.2 Hz, 1H), 3.80 (ddd, J = 8.0, 
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7.11 (td, J = 4.4, 8.4 Hz, 1H), 7.32 (d, J = 4.0 Hz, 2H), 7.56 (d, J = 8.0 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 213.8, 171.4, 165.6, 146.5, 139.5, 133.2, 128.6, 128.1, 127.2, 125.3, 123.8, 
61.0, 60.5, 51.4, 50.3, 44.7, 44.6, 31.5, 14.1, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H23BrO5H: 423.0802, found: 423.0807 
IR(neat)ν 1745, 1720, 1655, 1473, 1373, 1308, 1274, 1249, 1228, 1188, 1156, 1096, 1031, 757 cm-1 
[α]D 26 +37.77 (c 1.6, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 26.3 min, minor isomer tR = 39.0 min) (96% ee). 




Yield: 80% (26.6 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.25 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 2.50 (dddd, J = 1.2, 4.8, 
5.2, 11.2 Hz, 1H), 2.58 (dd, J = 4.8, 17.2 Hz, 1H), 2.67 (dd, J = 12.0, 18.8 Hz, 1H), 2.71 (dd, J = 5.2, 17.2 
Hz, 1H), 2.79 (ddd, J = 1.2, 8.0, 18.4 Hz, 1H), 3.04 (dd, J = 9.2, 11.2 Hz, 1H), 3.30 (dt, J = 8.0, 11.2 Hz, 
1H), 4.08-4.20 (m, 4H), 5.78 (dd, J = 0.80 , 15.6 Hz, 1H), 6.10 (d, J = 3.6 Hz, 1H), 6.29 (dd, J = 2.0, 3.2 
Hz, 1H), 6.88 (dd, J = 8.8, 15.6 Hz, 1H), 7.33 (dd, J = 0.80 , 2.0 Hz, 1H), 
13C NMR (CDCl3, 100 MHz) δ 213.5, 171.1, 165.7, 153.3, 146.9, 141.9, 123.9, 110.2, 106.2, 60.9, 60.5, 
51.3, 49.4, 42.5, 39.5, 31.7, 14.1, 14.0 
HRMS (ESI): [M+Na]+ calcd for C18H22O6Na: 335.1490, found: 335.1490 
IR(neat)ν 2982, 1730, 1656, 1373, 1308, 1270, 1245, 1188, 1154, 1096, 1034, 1011, 737 cm-1 
[α]D 26 +105.7 (c 0.80, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, minor isomer tR = 43.9 min, major isomer tR = 72.2 min) (96% ee). 
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Ethyl (E)-3-((1R,2S,5S)-5-(dimethyl(phenyl)silyl)-2-(2-ethoxy-2-oxoethyl)-3-oxocyclopentyl)acrylate 
 
Yield: 90% (36.2 mg) 
Physical State: White solid (m.p. 111~112 ºC) 
1H NMR (CDCl3, 400 MHz) δ 0.323 (s, 3H), 0.328 (s, 3H), 1.17 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 
3H), 1.48 (ddd, J = 8.4, 11.6, 13.2 Hz, 1H), 2.11 (dd, J = 13.2, 18.8 Hz, 1H), 2.30 (dddd, J = 1.2, 5.2, 6.0, 
9.2 Hz, 1H), 2.40 (ddd, J = 1.2, 8.4, 18.4 Hz, 1H), 2.43 (dd, J = 5.2, 17.2 Hz, 1H), 2.50 (dd, J = 6.0, 17.2 
Hz, 1H), 2.58 (q, J = 11.6 Hz, 1H), 4.02 (dq, J = 1.6, 7.2 Hz, 2H), 4.15 (dq, J = 1.6, 7.2 Hz, 2H), 5.74 (d, J 
= 15.6 Hz, 1H), 6.68 (dd, J = 9.6, 15.6 Hz, 1H), 7.32-7.35 (m, 3H), 7.43-7.45 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 216.4, 171.2, 165.6, 149.3, 136.3, 133.8, 133.8, 129.4, 129.4, 127.9, 122.6, 
60.7, 60.3, 52.4, 47.3, 39.2, 31.7, 27.5, 14.1, 14.0, -4.15, -4.25 
HRMS (ESI): [M+Na]+ calcd for C22H30O5SiNa: 425.1755, found: 425.1758 
IR(neat)ν 1734, 1653, 1428, 1371, 1348, 1253, 1179, 1113, 1040, 820, 737, 702 cm-1 
[α]D 26 +98.79 (c 2.1, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 15.0 min, minor isomer tR = 19.2 min) (>99% ee). 




5.1. Formal (3+2) cycloaddition reaction to provide cyclopentanone derivative 
 
  To a solution of aldehyde 5-6 (32.4 mg, 0.18 mmol) and ethyl 4-oxo-2-pentenoate 5-3 (21.3 mg, 0.15 
mmol) in i-PrOH (75 µL), H2O (8.1 µL, 0.45 mmol), diphenylprolinol silyl ether (4.88 mg, 0.015 mmol), 
p-nitrophenol (20.8 mg, 0.15 mmol) were added at room temperature. After stirring the reaction mixture at 
this temperature for 1 h, the reaction mixture was directly purified by column chromatography on silica gel 























i-PrOH (4.0 M), rt, 8 h
85% yield
single isomer, >99% ee
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Ethyl 2-((1R,2S,3R)-3-(dimethyl(phenyl)silyl)-2-formyl-5-oxocyclopentyl)acetate (5-8) 
 
Yield: 85% (42.4 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 0.365 (s, 3H), 0.381 (s, 3H), 1.20 (t, J = 7.2 Hz, 3H), 1.73 (ddd, J = 8.8, 
12.0, 13.2 Hz, 1H), 2.18 (dd, J = 13.2, 18.8 Hz, 1H), 2.49 (ddd, J = 1.2, 8.8, 18.4 Hz, 1H), 2.53 (dd, J = 
6.8, 17.6 Hz, 1H), 2.62 (dd, J = 4.0, 17.6 Hz, 1H), 2.69 (dddd, J = 1.2, 4.0, 6.4, 12.0 Hz, 1H), 2.82 (dt, J = 
3.6, 12.0 Hz, 1H), 4.06 (dq, J = 1.6, 7.2 Hz, 2H), 7.36-7.41 (m, 3H), 7.48-7.51 (m, 2H), 9.43 (d, J = 3.2 Hz, 
1H) 
13C NMR (CDCl3, 100 MHz) δ 215.5, 201.1, 171.3, 135.6, 133.8, 133.8, 129.8, 128.1, 128.1, 60.9, 55.9, 
47.5, 38.7, 32.7, 22.7, 14.0, -4.43, -4.65 
HRMS (ESI): [M+Na]+ calcd for C18H24O4SiNa: 355.1336, found: 355.1340 
IR(neat)ν 1725, 1427, 1375, 1253, 1189, 1113, 1026, 835, 818, 775, 736, 701 cm-1 
[α]D 26 -59.30 (c 3.0, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
 
 
5.2. Reduction & Lactonization 
 
  To a solution of aldehyde 5-8 (33.2 mg, 0.10 mmol) in THF (300 µL), LiAl(Ot-Bu)3H (63.5 mg, 0.25 
mmol) was added at room temperature. After stirring the reaction mixture at this temperature for 1 hour, 
2N HCl (150 µL) was added to the solution at room temperature. After stirring the reaction mixture at this 
temperature for 1 h, the reaction mixture was quenched by sat. aq. NaHCO3 (5 mL). Upon completion, H2O 
(2 mL) was added and the mixture was extracted with EtOAc (3 ×5 mL). The combined organic extracts 
were washed with aq. NaHCO3 (5 mL) and sat. NaCl solution (5 mL). Then, the combined organic extracts 
were dried with anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After concentration 

















THF, rt, 1 h
5-10
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Yield: 91% (26.4 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 0.283 (s, 3H), 0.320 (s, 3H), 1.23 (ddd, J = 8.4, 12.0, 19.2 Hz, 1H), 1.63-
1.76 (m, 3H), 2.34 (dd, J = 7.2, 14.4 Hz, 1H), 2.37 (dd, J = 2.0, 15.6 Hz, 1H), 2.59-2.63 (m, 1H), 2.70 (dd, 
J = 9.2, 18.0 Hz, 1H), 3.32 (dd, J = 6.4, 11.2 Hz, 1H), 3.53 (dd, J = 3.6, 11.2 Hz, 1H), 4.88 (dt, J = 4.0, 7.2 
Hz, 1H), 7.32-7.37 (m, 3H), 7.46-7.86 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 177.3, 137.6, 133.5, 133.5, 129.4, 128.1, 128.1, 85.6, 63.7, 50.2, 44.5, 35.7, 
34.7, 27.6, -3.69, -5.23 
HRMS (ESI): [M+Na]+ calcd for C16H22O3SiNa: 313.1230, found: 313.1235 
IR(neat)ν 3441, 3069, 2956, 1748, 1427, 1251, 1171, 1112, 1037, 910, 818, 740, 648 cm-1 
[α]D 26 -10.05 (c 0.90, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.45 
 
5.3. Tamao-Fleming oxidation 
 
  To a solution of compound 5-10 (29.0 mg, 0.10 mmol) in ClCH2CH2Cl (300 µL), aq. HBF4 (160 µL, 1.0 
mmol, 47 wt. % in H2O) was added at 80 ºC. After stirring the reaction mixture at this temperature for 4 h, 
the reaction mixture was quenched by aq. NaHCO3 (1.0 mL). Upon completion, H2O (2 mL) was added 
and the mixture was extracted with EtOAc (3 ×5 mL). The combined organic extracts were washed with 
aq. NaHCO3 (5 mL) and sat. aq. NaCl solution (5 mL). Then, the combined organic extracts were dried 
with anhydrous Na2SO4, filtered, and concentrated under reduced pressure. To a solution of the crude in 









aq. HBF4 (10 equiv)
ClCH2CH2Cl










aq. H2O2 (10 equiv)
KF (10 equiv)
DMF
40 ºC, 1 h
86% yield (2 Steps)
5-12
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room temperature. After stirring the reaction mixture at this temperature for 12 h, Me2S (35 µL) was added 
to the solution at room temperature. After concentration in vacuo, the reaction mixture was directly purified 
by column chromatography on silica gel (CHCl3: MeOH = 20:1, 10:1) to give the target compound in 86% 




Yield: 86% (14.8 mg) 
Physical State: White solid (m.p. 115~117 ºC) 
1H NMR (CDCl3, 400 MHz) δ 1.98-2.06 (m, 2H), 2.42 (td, J = 6.8, 14.8 Hz, 1H), 2.53 (dd, J = 1.2, 18.0 
Hz, 1H), 2.62 (dtd, J = 2.0, 7.2, 10.4 Hz, 1H), 2.81 (dd, J = 10.0, 18.0 Hz, 1H), 3.62 (dd, J = 7.2, 10.4 Hz, 
1H), 3.74 (dd, J = 5.2, 10.4 Hz, 1H), 4.18 (q, J = 6.0 Hz, 1H), 4.93 (dt, J = 2.8, 6.8, 1H) 
13C NMR (CDCl3, 100 MHz) δ 177.2, 83.6, 75.4, 63.5, 55.2, 40.6, 39.5, 35.3 
HRMS (ESI): [M+Na]+ calcd for C8H12O4Na: 195.0628, found: 195.0628 
IR(neat)ν 3419, 2925, 1760, 1634, 1336, 1071, 668 cm-1 
[α]D 26 -41.87 (c 0.40, MeOH) 
Literature data 5-1): [α]D -43.4 (c 1.12, MeOH) 
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5.4. One pot procedure to provide Corey lactone diol 
 
 
  To a solution of 3-(dimethylphenylsilyl)propenal 5-6 (2.28 g, 12 mmol) and ethyl 4-oxo-2-pentenoate 5-
3 (1.42 g, 10 mmol) in i-PrOH (2.5 ml), H2O (540 µL, 30 mmol), diphenylprolinol silyl ether (325 mg, 1.0 
mmol), p-nitrophenol (1.39 g, 10 mmol) were added at room temperature. After stirring the reaction mixture 
at this temperature for 1 h, the reaction mixture was concentrated in vacuo. After the crude material was 
dissolved in THF (20 ml), LiAl(Ot-Bu)3H (8.89 g, 35 mmol) was added to the solution at 60 ºC. After 
stirring the reaction mixture at this temperature for 15 min, aq. HBF4 (10.6 ml, 100 mmol, 47 wt. % in H2O) 
was added to the solution at room temperature. After stirring the reaction mixture at this temperature for 1 
min, the reaction mixture was the resulting solution was concentrated in vacuo (80 ºC, 15 min). After the 
crude material was dissolved in DMF: H2O = (2:1) (30 ml), K2CO3 (13.8 g, 100 mmol) was added to the 
solution at room temperature. Then, KF (5.6 g, 100 mmol) and aq. H2O2 (3.5 ml, 100 mmol, 35 wt. % in 
H2O) were added at 40 ºC. After stirring the reaction mixture at this temperature for 1 min, Me2S (2.3 ml) 
was added to the solution at room temperature. After concentration in vacuo, the reaction mixture was 
directly purified by column chromatography on silica gel (CHCl3: MeOH = 20:1~ 10:1) to give the target 



















aq. H2O2 (10 equiv)
KF (10 equiv)
























i-PrOH (4.0 M), rt, 60 min
ent-5-4
RO
THF, 60 ºC, 15 min
Total yield: 50%
Total reaction time: 152 min
One purifications
One pot
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5.5. Dibenzoylation of Corey lactone diol to determinanethe value of ee 
 
  To a solution of Corey lactone diol (8.1 mg, 0.050 mmol) in CH2Cl2 (100 µL), Et3N (69 µL, 0.50 mmol), 
benzoyl chloride (64 µL, 0.50 mmol), were added at room temperature. After stirring the reaction mixture 
at this temperature for 30 min, the reaction mixture was quenched by aq. NaHCO3 (1.0 mL). Upon 
completion, H2O (2 mL) was added and the mixture was extracted with EtOAc (3 ×5 mL). The combined 
organic extracts were washed with aq. NaHCO3 (5.0 mL) and sat. NaCl solution (5 mL). Then, the 
combined organic extracts were dried with anhydrous Na2SO4, filtered, and concentrated under reduced 
pressure. After concentration in vacuo, the reaction mixture was purified by column chromatography on 
silica gel (n-Hexane: EtOAc = 3:1) to give the target compound in 80% yield. 
  The enantiomeric ratio was determined by HPLC using CHIRALPACK® IF (n-Hexane: i-PrOH = 9:1; 




Yield: 80% (15.2 mg) 
Physical State: White solid (m.p. 115.2~116.5 ºC) 
1H NMR (CDCl3, 400 MHz) δ 2.40 (td, J = 0.80, 15.6 Hz, 1H), 2.57-2.68 (m, 3H), 2.87-2.93 (m, 1H), 
2.97 (dd, J = 10.0, 17.2 Hz, 1H), 4.40 (d, J = 10.8 Hz, 2H), 5.13 (dt, J = 1.6, 10.0 Hz, 1H), 5.47 (td, J = 4.0, 
6.0 Hz, 1H), 7.42-7.46 (m, 4H), 7.54-7.60 (m, 2H), 7.99-8.02(m, 4H) 
13C NMR (CDCl3, 100 MHz) δ 176.2, 166.3, 165.9, 133.4, 133.4, 129.7, 129.7, 129.7, 129.7, 129.6, 129.6, 
128.6, 128.6, 128.5, 128.5, 84.0, 64.4, 64.4, 51.6, 40.6, 38.3, 35.8 
HRMS (ESI): [M+H]+ calcd for C22H20O6H: 381.1333, found: 381.1332 
IR(neat)ν 1772, 1718, 1415, 1315, 1272, 1176, 1111, 1070, 1026, 711 cm-1 
[α]D 26 -70.08 (c 0.85, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IF (n-Hexane: i-PrOH = 9:1; flow 
rate 1.0 ml/min, major isomer tR = 8.23 min, minor isomer tR = 8.91 min) (>99% ee). 
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5.6. References 
[5-1] C. A. González-González, A. Fuentes-Benítes, E. Cuevas-Yáñez, D. Corona-Becerril, C. González-




6.1. Formal (3+2) cycloaddition reaction & HWE reaction 
 
  To a solution of ethyl (E)-4-oxopent-2-enoate 6-10 (711 mg, 5.0 mmol), H2O (270 µl, 15 mmol), p-
nitrophenol (696 mg, 5.0 mmol) and aldehyde 6-11 (1.14 g, 6.00 mmol) in i-PrOH (1.25 ml), 
diphenylprolinol trimethylsilyl ether 6-9 (81.4 mg, 0.250 mmol) was added at room temperature. In an 
another flask, N, N-Diisopropylethylamine (2.59 ml, 15.0 mmol) was added to a solution of dimethyl (2-
oxo-4-phenylbutyl)phosphonate  (1.92 g, 7.50 mmol) and LiCl (318 mg, 7.50 mmol) in MeCN (5.0 mL) 
at room temperature for 1 hour. After the reaction mixture was stirred for 8 hours, former crude mixtures 
in MeCN (10 mL) added to later crude mixtures. After stirring for 6 hours at room temperature, the reaction 
was quenched by the addition of sat. aq. NH4Cl. The aqueous layer was extracted with EtOAc (3 ×100 mL). 
The combined organic layers were washed with sat. aq. K2CO3 for three times and brine, dried over 
anhydrous Na2SO4 and concentrated in vacuo. Purification by neutral silica gel column chromatography (n-





Yield: 73% (1.67 g) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 0.285 (s, 3H), 0.314 (s, 3H), 1.15 (q, J = 7.2 Hz, 3H), 1.46 (ddd, J = 8.0, 








































 - 144 - 
2.51-2.60 (m, 2H), 2.68 (td, J = 7.6, 16.4 Hz, 1H), 2.81-2.86 (m, 2H), 3.95-4.02 (m, 2H), 5.91 (d, J = 16.0 
Hz, 1H), 6.39 (dd, J = 13.2, 16.0 Hz, 1H), 7.15-7.20 (m, 3H), 7.24-7.31 (m, 5H), 7.40-7.43 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 216.3, 198.8, 171.3, 147.7, 141.1, 136.5, 133.9, 133.9, 131.1, 129.5, 128.5, 
128.5, 128.4 (2C), 128.0 (2C), 126.1, 60.8, 52.5, 47.8, 41.1, 39.1, 31.8, 29.8, 27.7, 14.0, -3.77, -4.93 
HRMS (ESI): [M+Na]+ calcd for C28H34O4SiNa: 485.2119, found: 485.2121 
IR(neat)ν 2956, 1740, 1732, 1673, 1629, 1428, 1408, 1373, 1253, 1190, 1030, 819, 737, 701 cm-1 
[α]D 26 -64.85 (c 5.5, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.25 
 
6.2. Stereoselective Reduction & Lactonization 
 
  To a solution of enone 6-12 (1.2 g, 2.59 mmol) in THF (32 mL), ()-DIP-Chloride (1.7 M in n-Hexane, 
5.12 mL, 10.4 mmol) was added slowly at -20 °C. The mixture was stirred for 24 hours at this temperature. 
The reaction was quenched with a mixture of 2 N HCl at -20 °C. The mixture was stirred for 2 hours at 
room temperature. The aqueous layer was extracted with EtOAc for three times and the combined organic 
layers were washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. Purification by 
neutral silica gel column chromatography (n-Hexane: EtOAc = 4:1~3:1~2:1) gave desired compound 6-7 





Yield: 80% (847 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 0.192 (s, 3H), 0.216 (s, 3H), 1.16 (dt, J = 6.0, 8.8 Hz, 1H), 1.18 (s, 1H) 
1.58-1.68 (m, 3H), 1.90 (td, J = 9.6, 12.4 Hz, 1H), 2.20 (dd, J = 1.6, 18.4 Hz, 1H), 2.25-2.33 (m, 2H), 2.52 
(dd, J = 8.8, 18.0 Hz, 1H), 2.50-2.58 (m, 1H), 2.62-2.67 (m, 1H), 3.84 (q, J = 5.6 Hz, 1H), 4.83 (dt, J = 4.0, 
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7.28 (m, 5H), 7.35-7.37 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 176.9, 141.8, 137.8, 134.5, 133.8, 133.8, 131.4, 129.2, 128.4, 128.4, 128.4, 
128.4, 127.8, 127.8, 125.9, 85.4, 70.9, 51.5, 48.3, 38.5, 35.5, 33.2, 32.9, 31.6, -3.80, -4.78 
HRMS (ESI): [M+Na]+ calcd for C26H32O3SiNa: 443.2013, found: 443.2018 
IR(neat)ν 2953, 2860, 1768, 1456, 1427, 1249, 1167, 1111, 1031, 976, 844, 815, 761, 738, 700 cm-1 
[α]D 26 -17.62 (c 1.5, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.30 
 
6.3. Hydrogenation & Tamao-Fleming oxidation 
 
  To a solution of alkene 6-7 (84.1 mg, 0.200 mmol) in EtOH, 10% Pd/C (84.1 mg, 10 wt%, 10 wt% as 
pure Pd for substrate) was added. After the mixture was stirred for 1.5 hours under H2 atmosphere, it was 
concentrated in vacuo. To remove Pd/C, the crude material was filtered by Celite® and washed with EtOAc. 
After concentration in vacuo, to the crude material in toluene (300 µL), aq. HBF4 (262 µl, 2.00 mmol, 47 
wt% in water) was added. The crude material was azeotrope with toluene at 80 ºC. The reaction was 
neutralized with a solution of K2CO3 (276 mg, 2.00 mmol) in DMF (600 µl) and H2O (300 µL). To the 
crude material, KF (116 mg, 2.0 mmol) and aq. H2O2 (133 µl, 2.0 mmol, 35 wt% in H2O) was added at 60 
ºC. After the mixture was stirred for 4 hours at this temperature, the reaction mixture was quenched by sat. 
aq. Na2S2O3. The aqueous layer was extracted with CH2Cl2 (3 ×20 mL) and the combined organic layers 
were washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. Purification by neutral 
silica gel column chromatography (n-Hexane: EtOAc = 1:2~2:1) gave desired compound 6-14 (48.6 mg, 





Yield: 80% (847 mg) 
















; aq. H2O2, KF
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1H NMR (CDCl3, 400 MHz) δ 1.25 (s, 2H), 1.40-1.46 (m, 2H), 1.50-1.58 (m, 2H), 1.75-1.86 (m, 3H), 2.02 
(qd, J = 1.6, 14.8 Hz, 1H), 2.31 (ddd, J = 6.0, 6.4, 14.8 Hz, 1H), 2.49 (dd, J = 1.6, 18.8 Hz, 1H), 2.47-2.53 
(m, 1H), 2.64-2.71 (m, 1H), 2.74-2.82 (m, 1H), 2.79 (dd, J = 11.2, 19.2 Hz, 1H), 3.59-3.65 (m, 1H), 4.00 
(q, J = 4.0 Hz), 4.94 (dt, J = 2.0, 7.2 Hz), 7.18-7.21 (m, 3H), 7.26-7.31 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 177.4, 141.7, 128.5, 128.5, 128.4, 128.4, 126.0, 83.8, 77.5, 71.2, 53.7, 43.1, 
39.2, 35.9, 35.0, 32.0, 29.0 
HRMS (ESI): [M+Na]+ calcd for C18H24O4Na: 304.1675, found: 304.1678 
IR(neat)ν 3391, 2925, 1753, 1454, 1365, 1185, 1031, 750, 701, 419 cm-1 
[α]D 26 -9.91 (c 1.2, CHCl3) 
Rf (n-Hexane: EtOAc = 1:1, color reagent: Hanessian’s stain reagent): 0.30 
 
6.4. DIBAL reduction & Wittig reaction 
 
  To a solution of lactone 6-14 (30 mg, 0.10 mmol) in CH2Cl2 (2 mL) was added DIBAL (1.0 M in n-
Hexane, 330 µL, 0.33 mmol) at –78 °C. After 2 hours at –78 °C, aq. sat. potassium sodium tartrate (2.0 
mL) was added. The reaction mixture was warmed to room temperature. The crude mixture was stirred for 
2 hours and the aqueous phase was extracted with CH2Cl2 (5 × 10 mL). The combined organic phases were 
washed with brine, dried over anhydrous Na2SO4 and concentrated in vacuo. The crude mixture was taken 
forward for the subsequent transformation without further purification. To a solid of (4-
carboxybutyl)(triphenyl)phosphonium bromide  (265 mg, 0.60 mmol), t-BuOK in THF (1.2 mL, 1.2 mmol, 
1.0 M solution in THF) was added at 0 ºC. The resulting orange solution was stirred at room temperature 
for 45 minutes. To this solution, a solution of crude mixture was added at -10 ºC. After the mixture was 
stirred for 4 hours at this temperature, the reaction mixture was quenched by sat. aq. NH4Cl (2 mL). The 
aqueous layer was extracted with CH2Cl2 (5 ×3 mL) and the combined organic layers were washed with 
brine, dried over anhydrous Na2SO4 and concentrated in vacuo. Purification by neutral silica gel column 
chromatography (CH2Cl2: MeOH = 20:1~10:1) gave desired compound 6-15 (25.0 mg, 64.1 mmol) in 64 % 












 -78 ºC, 2 h












Yield: 64% (25.0 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 0.85-0.96 (m, 3H), 1.32-1.43(m, 3H), 1.57-1.78 (m, 5H), 1.79-1.92 (m, 
5H), 2.00-2.09 (m, 2H), 2.17-2.19 (m, 2H), 2.20-2.38 (m, 2H), 2.61-2.69 (m, 1H), 2.75-2.4 (m, 1H), 3.64 
(br, 1H), 4.00 (br, 1H), 4.16 (br, 1H), 5.37-5.41 (m, 2H), 7.14-7.19 (m, 3H), 7.24-7.27 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 24.8, 26.5, 26.8, 29.3, 32.2, 35.4, 35.4, 35.4, 38.9, 42.5, 51.8, 52.4, 71.6, 
78.7, 125.9, 128.5, 128.5 128.5, 128.5, 129.6, 129.6, 142.2, 177.9 
HRMS (ESI): [M+Na]+ calcd for C23H34O5Na: 413.2299, found: 413.2295 
IR(neat)ν 3391, 2925, 1753, 1454, 1365, 1185, 1031, 750, 701, 419 cm-1 
[α]D 26 +30.2 (c 0.40, MeOH), lit. [α]D22 +29.0 (c 1.00, MeOH) 6-1) 




  To a stirred solution of carboxylic acid 6-15 (19.5 mg, 0.050 mmol.) in DMF (300 µL), Cs2CO3 (32.6 
mg, 0.10 mmol) and 2-iodopropane (30 μL, 0.20 mmol) were added at room temperature. The reaction was 
stirred at room temperature for 2 hours. Afterwards, the reaction mixture was poured into 3% aqueous citric 
acid solution (1 mL) and extracted with TBME (4 × 5 mL). The combined organic phases were washed 
with sat. aq. NaHCO3 solution (10 mL), brine (10 mL), dried over anhydrous Na2SO4 and concentrated in 
vacuo. The residue was purified by column chromatography (Ether: EtOAc = 2:1~1:2) to give latanoprost 
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Latanoprost (6-1) 
 
Yield: 84% (21.6 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 1.23 (d, J = 6.4 Hz, 6H), 1.30–1.90, (m, 14H), 2.08–2.36 (m, 6H), 2.44 (d, 
J=5.5Hz, 1H), 2.63-2.85 (m, 2H), 3.64-3.70 (m, 1H), 3.94 (br s, 1H), 4.17 (br s, 1H), 5.00 (sept, J = 6.4 Hz, 
1H), 5.35-5.50 (m, 2H), 7.15–7.22 (m, 3H), 7.26-7.31 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 21.9 (2C), 25.0, 26.7, 27.0, 29.7, 32.2, 34.2, 35.9, 39.1, 42.6, 51.9, 52.8, 
67.8, 71.4, 74.7, 78.8, 125.9, 128.5 (2 C), 128.5 (2 C), 129.5, 129.6, 142.2, 173.6  
HRMS (ESI): [M+Na]+ calcd for C26H40O5Na: 455.2768, found: 455.2768 
IR(neat)ν 3391, 2925, 1753, 1454, 1365, 1185, 1031, 750, 701, 419 cm-1 
[α]D 26 +35.1 (c 0.42, MeCN), lit. [α]D 23 +33.0 (c 1.00, MeCN) 6-1) 
Rf (EtOAc: MeOH = 9:1, color reagent: Hanessian’s stain reagent): 0.70 
 
6.6. References 





7.1. Asymmetric domino Michael/Michael reaction to provide cyclopentanone derivative 
 
  To a solution of ketone 7-87-1) (224 mg, 2.0 mmol), aldehyde 7-127-1) (190 mg, 1.0 mmol), H2O (540 µL, 
3.0 mmol) and p-nitrophenol (139 mg, 1.0 mmol) in i-PrOH (250 µL), organocatalyst 7-14 (16.5 mg, 0.050 
mmol) was added at room temperature. After stirring the reaction mixture at this temperature for 8 h, the 
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Yield: 87% (262 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 9.38 (d, 1H, J = 2.4 Hz), 7.48-7.50 (m, 2H), 7.34-7.40 (m, 3H), 2.79 (dd, 1 
H, J = 3.6, 18.8 Hz), 2.61-2.75 (m, 3H), 2.47 (ddd, 1H, J = 0.80, 8.8, 18.8 Hz), 2.24 (dd, 1H, J = 12.8, 18.8 
Hz), 2.10 (s, H), 1.72 (ddd, 1H, J = 8.8, 11.6, 12.8 Hz), 0.377 (s, 3H), 0.362 (s, 3H) 
13C NMR (CDCl3, 100 MHz) δ 216.2, 205.8, 201.3, 135.7, 133.8, 133.8, 129.8, 128.1, 128.1, 55.9, 46.6, 
41.8, 38.6, 29.7, 22.7, -4.51, -4.72 
HRMS (ESI): [M+Na]+ calcd for C17H22O3SiNa: 325.1230, found: 325.1234 
IR(neat)ν 2956, 1741, 1718, 1427, 1366, 1253, 1166, 1114, 820, 738, 703, 650, 533 cm-1 
[α]D 26 -115 (c 4.0, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.65 
 
7.2. Dimethyl acetal protection  
 
  To a solution of aldehyde 7-15 (30.2 mg, 0.10 mmol), HC(OMe)3 (10.9 µL, 0.10 mmol) and MeOH (4.1 
µL, 0.10 mmol) in CH2Cl2 (250 µL), TsOH·H2O (3.6 mg, 0.020 mmol) was added at 0 ºC. After stirring the 
reaction mixture at this temperature for 5 h, the reaction mixture was quenched by the addition of sat. aq. 
NaHCO3 (5 mL). Upon completion, H2O (2 mL) was added and the mixture was extracted with EtOAc (3 
×5 mL). The combined organic extracts were washed with sat. aq. NaHCO3 (5 mL) and sat. aq. NaCl 
solution (5 mL). Then, the combined organic extracts were dried with anhydrous Na2SO4, filtered, and 
concentrated under reduced pressure. After concentration in vacuo, the reaction mixture was purified by 
column chromatography on silica gel (n-Hexane: EtOAc = 6:1) to give the target compound 7-16 in 85% 














CH2Cl2, 0 ºC, 5 h
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(2R,3S,4R)-3-(Dimethoxymethyl)-4-(dimethyl(phenyl)silyl)-2-(2-oxopropyl)cyclopentan-1-one (7-16) 
 
Yield: 85% (29.6 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 7.52-7.54 (m, 2H), 7.35-7.39 (m, 3H), 3.85 (d, 1H, J = 3.2 Hz), 3.15 (s, 
3H), 3.13 (s, 3H), 2.86 (ddd, 2H, J = 4.4, 18.4, 19.2 Hz), 2.51 (dq, 1H, J = 1.2, 8.8 Hz), 2.40 (ddd, 1H, J = 
1.6, 9.6, 16.8 Hz), 2.34 (dd, 1H, J = 3.2, 11.6 Hz), 2.28 (dd, 1H, J = 12.8, 18.8 Hz), 2.07 (s, 3H), 1.50 (ddd, 
1H, J = 9.2, 11.2, 12.8 Hz), 0.401 (s, 3H), 0.330 (s, 3H) 
13C NMR (CDCl3, 100 MHz) δ 219.7, 207.0, 138.3, 133.7, 133.7, 129.2, 128.0, 128.0, 107.6, 56.5, 56.1, 
46.2, 45.5, 43.3, 39.9, 29.8, 22.0, -3.48, -5.40 
HRMS (ESI): [M+Na]+ calcd for C19H28O4SiNa: 371.1649, found: 371.1651 
IR(neat)ν1738, 1714, 1366, 1252, 1073, 951, 820, 737, 702 cm-1 
[α]D 26 -35.6 (c 2.95, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.63 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, major isomer tR = 10.7 min, minor isomer tR = 9.27 min) (98% ee). 
 
7.3. Asymmetric domino Michael/Michael reaction between ketone 7-11 and aldehyde 7-12 
 
  To a solution of ketone 7-117-2) (284 mg, 2.0 mmol), aldehyde 7-127-2) (190 mg, 1.0 mmol), H2O (540 µL, 
3.0 mmol) and p-nitrophenol (139 mg, 1.0 mmol) in i-PrOH (250 µL), organocatalyst 7-14 (16.5 mg, 0.050 
mmol) was added at room temperature. After stirring the reaction mixture at this temperature for 8 h, 
concentrated under reduced pressure. To a solution of residue in CH2Cl2 (2.5 mL), HC(OMe)3 (109 µL, 1.0 
mmol), MeOH (41 µL, 1.0 mmol) and TsOH·H2O (36 mg, 0.20 mmol) were added at 0 ºC. After stirring 
the reaction mixture at this temperature for 5 h, the reaction mixture was quenched by the addition of sat. 
aq. NaHCO3 (5 mL). Upon completion, H2O (2 mL) was added and the mixture was extracted with EtOAc 
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solution (5 mL). Then, the combined organic extracts were dried with anhydrous Na2SO4, filtered, and 
concentrated under reduced pressure. After concentration in vacuo, the reaction mixture was purified by 
column chromatography on silica gel (n-Hexane: EtOAc = 6:1) to give the target compound 7-18 in 90% 




Yield: 90% (340 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 7.53 (brs, 2H), 7.37 (brs, 3H), 3.91 (d, 1H, J = 3.6 Hz), 3.59 (s, 3H), 3.15 
(s, 6H), 2.65-2.78 (m, 2H), 2.56-2.59 (m, 1H), 2.35-2.44 (m, 2H), 2.18 (dd, 1H, J = 13.2, 18.8 Hz), 1.52 (q, 
1H, J = 12.4 Hz), 0.388 (s, 3H), 0.330 (s, 3H) 
13C NMR (CDCl3, 100 MHz) δ 219.0, 172.6, 138.0, 133.7, 129.3, 129.3, 127.9, 127.9, 107.3, 56.3, 56.1, 
51.4, 46.5, 45.6, 40.0, 33.7, 21.7, -3.47, -5.26 
HRMS (ESI): [M+Na]+ calcd for C19H28O5SiNa: 387.1598, found: 387.1598 
IR(neat)ν 1739, 1253, 1197, 1117, 1075, 839, 738, 702 cm-1 
[α]D 26 -99.6 (c 0.50, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.60 
 
7.4. One-pot procedure to synthesize compound 7-23 
 
  To a solution of compound 7-18 (75.6 mg, 0.20 mmol) in toluene (2.0 mL), LDA (200 µL, 1.0 M in 








-78 ºC, 15 min
LDA (5 equiv)
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mixture, dimethyl methylphosphonate (124 mg, 1.0 mmol) and LDA (1.0 mL, 1.0 M in THF) were added 
at -78 ºC. After stirring the reaction mixture at this temperature for 1 h, to a reaction mixture, actetic acid 
(60 mg, 1.0 mmol) in toluene (3.0 mL) was added at -78 ºC. After stirring the reaction mixture at room 
temperature for 24 h, H2O (5 mL) was added and the mixture was extracted with EtOAc (3 ×10 mL). The 
combined organic extracts were washed with sat. aq. NaCl solution (40 mL). Then, the combined organic 
extracts were dried with anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After 
concentration in vacuo, the reaction mixture was purified by column chromatography on silica gel (n-





Yield: 86% (57.0 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ7.49-7.51 (m, 2H), 7.34-7.39 (m, 3H), 5.77 (dt, 1H, J = 1.2, 2.0 Hz), 3.90 
(d, 1H, J = 3.6 Hz), 3.27 (s, 3H), 3.21 (s, 3H), 3.03-3.09 (m, 1H), 2.81 (dd, 1H, J = 11.6, 18.8 Hz), 2.62 
(dd, 1H, J = 6.4, 18.4 Hz), 2.48 (dd, 1H, J = 5.6, 18.0 Hz), 2.08 (dd, 1H, J = 3.2, 18.0 Hz), 1.76-1.86 (m, 
2H), 0.309 (s, 3H), 0.300 (s, 3H) 
13C NMR (CDCl3, 100 MHz) δ 211.4, 190.1, 137.8, 137.8, 133.8, 129.3, 127.9, 124.8, 124.8, 107.5, 56.1, 
56.0, 49.4, 47.6, 43.1, 29.2, 26.9, -4.05, -4.78 
HRMS (ESI): [M+Na]+ calcd for C19H26O3SiNa: 353.1543, found: 353.1543 
IR(neat)ν 1705, 1628, 1251, 1182, 1115, 1075, 814, 775, 737, 702 cm-1 
[α]D 26 -75.2 (c 2.1, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.50 
 
7.5. One-pot synthesis of compound 7-25 from compound 7-23 
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in THF) was added at -78 ºC. After stirring the reaction mixture at this temperature for 1 h, to a reaction 
mixture, Tf2NPh (43 mg, 0.10 mmol) was added at -78 ºC. After stirring the reaction mixture at this 
temperature for 1 h, the reaction was quenched by the addition of buffer (1.0 mL) and extracted with EtOAc 
(3 ×5 mL). The combined organic extracts were washed with sat. aq. NaCl solution (10 mL). Then, the 
combined organic extracts were dried with anhydrous Na2SO4, filtered, and concentrated under reduced 
pressure. After concentration in vacuo, the reaction mixture was purified by column chromatography on 





Yield: 72% (33.4 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 7.48-7.54 (m, 2H), 7.33-7.37 (m, 3H), 5.54 (d, 1H, J = 2.4 Hz), 3.94 (d, 
1H, J = 4.0 Hz), 3.19 (s, 3H), 3.14 (s, 3H), 3.01-3.08 (m, 1H), 2.72-2.81 (m, 2H), 2.31-2.39 (m, 1H), 2.06-
2.13 (m, 1H), 1.81 (sep, 1H, J = 3.6 Hz), 1.14-1.28 (m, 2H), 0.318 (s, 3H), 0.273 (s, 3H) 
13C NMR (CDCl3, 100 MHz) δ 146.8, 138.9, 133.7, 132.1, 131.0, 130.0, 128.9, 127.8, 121.2, 107.6, 56.0, 
55.8, 55.3, 46.1, 41.2, 37.6, 36.0, 28.4, -3.34, -4.95 
HRMS (ESI): [M+Na]+ calcd for C20H27F3O5SSiNa: 487.1193, found: 487.1193 
IR(neat)ν 2954, 1658, 1422, 1212, 1142, 907, 736, 701, 608, 521 cm-1 
[α]D 26 -34.6 (c 1.3, CHCl3) 
Rf (n-Hexane: EtOAc = 10:1, color reagent: Hanessian’s stain reagent): 0.75 
 
7.6. Suzuki-Miyaura reaction of compound 7-25 
 














aq. Cs2CO3 (5.0 equiv)
 Pd(PPh3)4 (10 mol%)
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THF) was added at room temperature. After stirring the reaction mixture at this temperature for 1 h, to a 
reaction mixture, aq. Cs2CO3 (91 µL, 3.0 M in H2O, 2.73 mmol) was added. Then, to a reaction micture, 
compound 7-25 (214 mg, 0.46 mmol) in DMF (2 mL) and Pd(PPh3)4 (79 mg, 0.068 mmol) in THF (2.0 
mL) were added at room temperature. After stirring the reaction mixture at this temperature for 2 h, the 
reaction was quenched by the addition of water (5.0 mL) and extracted with EtOAc (3 ×20 mL). The 
combined organic extracts were washed with sat. aq. NaCl solution (60 mL). Then, the combined organic 
extracts were dried with anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After 
concentration in vacuo, the reaction mixture was purified by column chromatography on silica gel (n-





Yield: 93% (180 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 7.48-7.51 (m, 2H), 7.31-7.33 (m, 3H), 5.18 (d, 1H, J = 1.6 Hz), 3.94 (d, 
1H, J = 4.0 Hz), 3.66 (s, 3H), 3.16 (s, 3H), 3.16 (s, 3H), 2.39-2.42 (m, 2H), 2.30 (t, 2H, J = 7.6 Hz), 1.95-
2.02 (m, 2H), 1.84-1.90 (m, 2H), 1.72-1.77 (m, 1H), 1.51-1.61 (m, 3H), 1.37-1.46 (m, 2H), 1.25 (ddd, 1H, 
J = 6.8, 11.6, 13.2 Hz), 1.10 (dt, 1H, J = 8.0, 12.8 Hz), 0.283 (s, 3H), 0.231 (s, 3H), 
13C NMR (CDCl3, 100 MHz) δ 174.2, 141.6, 139.9, 133.7, 133.7, 128.5, 127.5, 127.5, 108.6, 55.6, 55.3, 
53.2, 51.5, 44.5, 41.9, 41.5, 36.5, 33.9, 30.6, 29.4, 27.1, 25.6, 24.6, -3.25, -4.60 
HRMS (ESI): [M+Na]+ calcd for C25H38O4SiNa: 453.2432, found: 453.2437 
IR(neat)ν 1740, 1437, 1083, 817, 735, 701 cm-1 
[α]D 26 -42.1 (c 1.5, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.65 
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  To a solution of compound 7-26 (86.0 mg, 0.20 mmol) in actetone/H2O (5:1, 5.0 mL), TsOH·H2O (37 
mg, 0.20) was added at room temperature. After stirring the reaction mixture at this temperature for 3 h, to 
a reaction mixtute, a solution of Horner-Wadsworth-Emmons reagent7-3) (168 mg, 0.76 mmol) and NaH 
(13.6 mg, 0.57 mmol) in THF (10 mL) were added at room temperature. After stirring the reaction mixture 
at this temperature for 1 h, the reaction mixture was quenched by the addition of aq. sat. NH4Cl (10 mL) at 
0 ºC and extracted with EtOAc (3 ×10 mL). The combined organic extracts were washed with sat. aq. NaCl 
solution (30 mL). Then, the combined organic extracts were dried with anhydrous Na2SO4, filtered, and 
concentrated under reduced pressure. After concentration in vacuo, the reaction mixture was purified by 
column chromatography on silica gel (n-Hexane: EtOAc = 7:1) to give the target compound 7-27 in 86% 





Yield: 86% (82.7 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ7.41-7.43 (m, 2H), 7.29-7.33 (m, 3H), 6.46 (dd, 1H, J = 9.6, 16.0 Hz), 5.92 
(d, 1H, J = 16.0 Hz), 5.78 (s, 1H), 3.67 (s, 3H), 3.17 (brs, 1H), 2.30 (t, 2H, J = 7.6 Hz), 2.08-2.12 (m, 1H), 
1.98-2.02 (m, 2H), 1.82-1.90 (m, 2H), 1.50-1.60 (m, 5H), 1.42 (q, 2H, J = 7.2 Hz), 1.22-1.31 (m, 8H), 0.890 
(q, 4H, J = 6.8 Hz), 0.227 (s, 3H), 0.218 (s, 3H) 
13C NMR (CDCl3, 100 MHz) δ 200.9, 174.1, 151.0, 141.1, 138.4, 133.8, 133.8, 129.7, 128.9, 128.1, 127.6, 
127.6, 53.8, 51.5, 51.0, 39.1, 38.3, 35.7, 34.7, 33.9, 31.6, 31.5, 30.6, 27.1, 24.6, 23.8, 22.5, 14.0, -3.92, -
4.65 
HRMS (ESI): [M+Na]+ calcd for C30H44O3SiNa: 503.2952, found: 503.2952 
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[α]D 26 -40.4 (c 1.1, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.63 
 
7.8. Asymmetric domino Michael/Michael reaction between ketone 7-11 and aldehyde 7-29 
 
  To a solution of ketone 7-11[2] (284 mg, 2.0 mmol), aldehyde 7-29 (314 mg, 1.0 mmol), H2O (540 µL, 
3.0 mmol) and p-nitrophenol (139 mg, 1.0 mmol) in CH2Cl2 (250 µL), organocatalyst (90.0 mg, 0.20 mmol) 
was added at room temperature. After stirring the reaction mixture at this temperature for 24 h, the reaction 
mixture was directly purified by column chromatography on silica gel (n-Hexane: EtOAc = 6:1) to give the 
target compound 7-30 (415 mg, 0.91 mmol) in 91% yield (single isomer). 
 
Ethyl 2-((1R,2S,3R)-2-formyl-5-oxo-3-(triphenylsilyl)cyclopentyl)acetate (7-29) 
 
Yield: 91% (415 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 9.27 (d, 1H, J = 2.0 Hz), 7.57-7.59 (m, 6H), 7.38-7.48 (m, 9H), 3.98-4.08 
(m, 2H), 3.15 (dt, 1H, J = 3.2, 7.2 Hz), 2.73-2.81 (m, 2H), 2.54 (dd, 1H, J = 4.4, 17.6 Hz), 2.39-2.48 (m, 
3H), 1.17 (t, 3H, J = 11.2 Hz) 
13C NMR (CDCl3, 100 MHz) δ 215.0, 200.6, 171.2, 136.0, 136.0, 136.0, 136.0, 136.0, 136.0, 132.2, 132.2, 
132.2, 130.2, 130.2, 130.2, 128.3, 128.3, 128.3, 128.3, 128.3, 128.3, 60.9, 55.8, 47.1, 39.7, 32.5, 21.8, 14.0 
HRMS (ESI): [M+Na]+ calcd for C28H28O4SiNa: 479.1649, found: 479.1649 
IR(neat)ν 2726, 1729, 1428, 1192, 1110, 741, 702, 515 cm-1 
[α]D 26 -93.9 (c 0.50, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.50 
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  To a solution of aldehyde 7-30 (45.6 mg, 0.10 mmol), HC(OMe)3 (109 µL, 1.0 mmol) and MeOH (12 
µL, 0.30 mmol) in CH2Cl2 (250 µL), TsOH·H2O (3.8 mg, 0.020 mmol) was added at room temperature. 
After stirring the reaction mixture at this temperature for 24 h, the reaction mixture was quenched by the 
addition of sat. aq. NaHCO3 (5 mL). Upon completion, H2O (2 mL) was added and the mixture was 
extracted with EtOAc (3 ×5 mL). The combined organic extracts were washed with sat. aq. NaHCO3 (5 
mL) and sat. aq. NaCl solution (5 mL). Then, the combined organic extracts were dried with anhydrous 
Na2SO4, filtered, and concentrated under reduced pressure. After concentration in vacuo, the reaction 
mixture was purified by column chromatography on silica gel (n-Hexane: EtOAc = 6:1) to give the target 





Yield: 85% (45.5 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 7.59-7.71 (m, 5H), 7.33-7.43 (m, 10H), 3.99 (dd, 1H, J = 3.6, 11.2 Hz), 
3.51 (s, 3H), 3.21 (s, 3H), 3.12 (s, 3H), 3.08 (s, 3H), 2.93 (s, 3H), 2.55-2.77 (m, 3H), 2.31-2.45 (m, 1H), 
2.07-2.20 (m, 2H), 1.95 (ddd, 1H, J = 5.6, 15.6, 21.2 Hz) 
13C NMR (CDCl3, 100 MHz) δ 172.4, 136.0, 136.0, 136.0, 136.0, 136.0, 136.0, 133.7, 133.7, 133.7, 129.8, 
129.8, 129.8, 128.1, 128.1, 128.1, 128.1, 128.1, 128.1, 107.4, 106.5, 56.0, 55.8, 51.4, 49.0, 48.2, 46.0, 45.7, 
41.1, 33.7, 19.4 
HRMS (ESI): [M+Na]+ calcd for C31H38O6SiNa: 557.2330, found: 557.2330 
IR(neat)ν 1739, 1428, 1197, 1110, 1073, 741, 702, 513 cm-1 
[α]D 26 -43.5 (c 1.9, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.65 
 





















 - 158 - 
 
  To a solution of ketal 7-32 (53.4 mg, 0.10 mmol) in THF (300 µL), 2N HCl (100 µL) was added at room 
temperature. After stirring the reaction mixture at this temperature for 30 min, the reaction mixture was 
quenched by the addition of sat. aq. NaHCO3 (5 mL). Upon completion, H2O (2 mL) was added and the 
mixture was extracted with EtOAc (3 ×5 mL). The combined organic extracts were washed with sat. aq. 
NaHCO3 (5 mL) and sat. aq. NaCl solution (5 mL). Then, the combined organic extracts were dried with 
anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After concentration in vacuo, the 
reaction mixture was purified by column chromatography on silica gel (n-Hexane: EtOAc = 6:1) to give 
the target compound 7-33 in 79% yield (38.5 mg, 0.079 mmol). 
 
Methyl 2-((1R,2S,3R)-2-(dimethoxymethyl)-5-oxo-3-(triphenylsilyl)cyclopentyl)acetate (7-33) 
 
Yield: 79% (38.5 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 7.62-7.63 (m, 5H), 7.35-7.45 (m, 10H), 3.90 (d, 1H, J = 2.4 Hz), 3.53 (s, 
3H), 3.19 (s, 3H), 2.94 (s, 3H), 2.72 (dd, 1H, J = 5.6, 11.2 Hz), 2.54-2.65 (m, 4H), 2.27-2.40 (m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 218.4, 172.4, 136.0, 136.0, 136.0, 136.0, 136.0, 136.0, 133.7, 133.7, 133.7, 
129.8, 129.8, 129.8, 128.1, 128.1, 128.1, 128.1, 128.1, 128.1, 106.5, 56.0, 55.8, 51.4, 46.0, 45.7, 41.1, 33.7, 
19.4  
HRMS (ESI): [M+Na]+ calcd for C29H32O5SiNa: 511.1911, found: 511.1911 
IR(neat)ν 1738, 1428, 1178, 1109, 1074, 702, 512, 413 cm-1 
[α]D 26 -106 (c 0.60, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.60 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IC (n-Hexane: i-PrOH = 10:1; 
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7.11. One-pot procedure to synthesize compound 7-33 
 
  To a solution of ketone 7-11 (284 mg, 2.0 mmol), aldehyde 7-29 (314 mg, 1.0 mmol), H2O (540 µL, 3.0 
mmol) and p-nitrophenol (139 mg, 1.0 mmol) in CH2Cl2 (250 µL), organocatalyst (90.0 mg, 0.20 mmol) 
was added at room temperature. After stirring the reaction mixture at this temperature for 24 h, HC(OMe)3 
(1.09 mL, 10 mmol) and MeOH (120 µL, 3.0 mmol), TsOH·H2O (38 mg, 0.20 mmol) was added at room 
temperature. After stirring the reaction mixture at this temperature for 24 h, the reaction mixture was 
concentrated under reduced pressure. To a residue in THF (3.0 mL), 2N HCl (1.0 mL) was added at room 
temperature. After stirring the reaction mixture at this temperature for 30 min, the reaction mixture was 
quenched by the addition of sat. aq. NaHCO3 (50 mL). Upon completion, H2O (20 mL) was added and the 
mixture was extracted with EtOAc (3 ×50 mL). The combined organic extracts were washed with sat. aq. 
NaHCO3 (50 mL) and sat. aq. NaCl solution (50 mL). Then, the combined organic extracts were dried with 
anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After concentration in vacuo, the 
reaction mixture was purified by column chromatography on silica gel (n-Hexane: EtOAc = 6:1) to give 
the target compound 7-33 in 60% yield (265 mg, 0.60 mmol). 
 
7.12. One-pot synthesis of compound 7-38 from compound 7-33 
 
  To a solution of compound 7-33 (97.6 mg, 0.20 mmol) in toluene (2.0 mL), LDA (200 µL, 1.0 M in 
THF) was added at -78 ºC. After stirring the reaction mixture at this temperature for 15 min, to a reaction 
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LDA (5.0 equiv)
 -78 ºC, 1 h
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at -78 ºC. After stirring the reaction mixture at this temperature for 1 h, to a reaction mixture, actetic acid 
(60 mg, 1.0 mmol) in toluene (3.0 mL) was added at -78 ºC. After stirring the reaction mixture at room 
temperature for 24 h, H2O (10 mL) was added and the mixture was extracted with EtOAc (3 ×10 mL). The 
combined organic extracts were washed with sat. aq. NaCl solution (40 mL). Then, the combined organic 
extracts were dried with anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After 
concentration in vacuo, the reaction mixture was purified by column chromatography on silica gel (n-




Yield: 86% (78.0 mg) 
Physical State: White amorphous 
1H NMR (CDCl3, 400 MHz) δ 7.56-7.58 (m, 6H), 7.34-7.44 (m, 9H), 5.68 (dt, 1H, J = 0.80, 2.0 Hz), 3.67 
(d, 1H, J = 2.8 Hz), 3.22-3.25 (m, 1H), 3.22 (s, 3H), 3.09 (dd, 1H, J = 12.8, 18.0 Hz), 2.99 (s, 3H), 2.75 
(dd, 1H, J = 6.8, 18.0 Hz), 2.62 (dd, 1H, J = 6.4, 18.8 Hz), 2.57 (ddd, 1H, J = 6.8, 10.4, 12.4 Hz), 2.05-2.11 
(m, 2H) 
13C NMR (CDCl3, 100 MHz) δ 211.3, 189.6, 135.8, 135.8, 135.8, 135.8, 135.8, 135.8, 133.7, 133.7, 133.7, 
129.7, 129.7, 129.7, 128.0, 128.0, 128.0, 128.0, 128.0, 128.0, 124.9, 106.4, 56.4, 56.1, 49.5, 46.3, 43.2, 
30.2, 24.4 
HRMS (ESI): [M+Na]+ calcd for C29H30O3SiNa: 477.1856, found: 477.1859 
IR(neat)ν 1701, 1628, 1428, 1189, 1110, 1074, 741, 702, 504 cm-1 
[α]D 26 -85.9 (c 10.0, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.60 
 
7.13. One-pot synthesis of compound 7-40 from compound 7-38 
 
  To a solution of compound 7-38 (45.4 mg, 0.10 mmol) in THF (1.0 mL), L-selectride® (120 µL, 1.0 M 
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mixture, Tf2NPh (43 mg, 0.10 mmol) was added at -78 ºC. After stirring the reaction mixture at this 
temperature for 1 h, the reaction was quenched by the addition of buffer (1.0 mL) and extracted with EtOAc 
(3 ×5 mL). The combined organic extracts were washed with sat. aq. NaCl solution (10 mL). Then, the 
combined organic extracts were dried with anhydrous Na2SO4, filtered, and concentrated under reduced 
pressure. After concentration in vacuo, the reaction mixture was purified by column chromatography on 





Yield: 71% (41.9 mg) 
Physical State: White amorphous 
1H NMR (CDCl3, 400 MHz) δ 7.59-7.62 (m, 6H), 7.37-7.43 (m, 9H), 5.47 (d, 1H, J = 2.0), 3.90 (d, 1H, J 
= 2.4 Hz), 3.16 (s, 3H), 3.09-3.19 (m, 1H), 2.95 (s, 3H), 2.85-2.96 (m, 1H), 2.76 (tdd, 1H, J = 2.0, 9.2, 16.8 
Hz), 2.25-2.37 (m, 2H), 1.95-2.06 (m, 1H), 2.01 (dd, 1H, J = 6.4, 11.6 Hz), 1.37 (dt, 1H, J = 8.4, 12.8 Hz) 
13C NMR (CDCl3, 100 MHz) δ 146.8, 135.9, 135.9, 135.9, 135.9, 135.9, 135.9, 134.4, 134.4, 134.4, 129.5, 
129.5, 129.5, 127.9, 127.9, 127.9, 127.9, 127.9, 127.9, 127.7, 121.2, 106.7, 55.8, 55.4, 53.1, 46.0, 40.2, 
37.7, 36.7, 25.5 
HRMS (ESI): [M+Na]+ calcd for C30H31F3O5SSiNa: 611.1505, found: 611.1510 
IR(neat)ν 1422, 1241, 1213, 1142, 1108, 1082, 907, 741, 702, 610, 516 cm-1 
[α]D 26 -50.0 (c 1.6, CHCl3) 
Rf (n-Hexane: EtOAc = 10:1, color reagent: Hanessian’s stain reagent): 0.70 
 
7.14. Suzuki-Miyaura reaction of compound 7-40  
 
  To a solution of methyl pent-4-enoate (52 mg, 0.46 mmol) in THF (2 mL), 9-BBN (3.0 mL, 0.5 M in 













aq. Cs2CO3 (5.0 equiv)
 Pd(PPh3)4 (10 mol%)
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reaction mixture, aq. Cs2CO3 (91 µL, 3.0 M in H2O, 2.73 mmol) was added. Then, to a reaction micture, 
compound 7-40 (270 mg, 0.46 mmol) in DMF (2 mL) and Pd(PPh3)4 (79 mg, 0.068 mmol) in THF (2.0 
mL) were added at room temperature. After stirring the reaction mixture at this temperature for 2 h, the 
reaction was quenched by the addition of water (5.0 mL) and extracted with EtOAc (3 ×20 mL). The 
combined organic extracts were washed with sat. aq. NaCl solution (60 mL). Then, the combined organic 
extracts were dried with anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After 
concentration in vacuo, the reaction mixture was purified by column chromatography on silica gel (n-





Yield: 82% (209 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 7.59-7.61 (m, 5H), 7.32-7.40 (m, 10H), 5.14 (s, 1H), 3.90 (d, 1H, J = 3.2 
Hz), 3.66 (s, 3H), 3.15 (s, 3H), 3.07-3.12 (m, 1H), 2.84 (ddd, 1H, J = 3.6, 9.2, 18.0 Hz), 2.29 (t, 2H, J = 7.6 
Hz), 1.63-1.70 (m, 3H), 1.80-2.00 (m, 6H), 1.29-1.58 (m, 6H) 
13C NMR (CDCl3, 100 MHz) δ 174.1, 141.6, 135.9, 135.9, 135.9, 135.9, 135.9, 135.9, 135.8, 135.1, 135.1, 
135.1, 129.0, 129.0, 129.0, 127.6, 127.6, 127.6, 127.6, 127.6, 127.6, 107.6, 70.8, 55.4, 51.5, 43.5, 41.6, 
37.3, 33.8, 31.9, 30.4, 27.1, 26.1, 24.5, 21.9 
HRMS (ESI): [M+Na]+ calcd for C35H42O4SiNa: 577.2744, found: 577.2740 
IR(neat)ν 1739, 1428, 1108, 741, 702, 515 cm-1 
[α]D 26 -61.2 (c 0.50, CHCl3) 
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7.14. Tamao-Fleming oxidation of compound 7-41 
 
  To a solution of compound 7-41 (27.7 mg, 0.050 mmol) in DMF (100 µL), TBAF (500 µL, 1.0 M in 
DMF, 0.50 mmol) was added at 80 ºC, which was heated by an oil bath. After stirring the reaction mixture 
at this temperature for 2 h, to a reaction mixture, KF (28 mg, 0.5 mmol) and aq. H2O2 (17.5 µL, 0.50 mmol, 
35 wt. % in H2O) were added at 80 ºC, which was heated by an oil bath. After stirring the reaction mixture 
at this temperature for 2 h, to a reaction mixture, MeI (9.3 µL, 0.15 mmol) was added at 80 ºC, which was 
heated by an oil bath. After stirring the reaction mixture at this temperature for 10 min, the reaction mixture 
was quenched by the addition of aq. sat. sodium thiosulfate (1.0 mL) and aq. sat. NH4Cl (1.0 mL) at 0 ºC 
and extracted with EtOAc (3 ×5 mL). The combined organic extracts were washed with sat. aq. NaCl 
solution (10 mL). Then, the combined organic extracts were dried with anhydrous Na2SO4, filtered, and 
concentrated under reduced pressure. After concentration in vacuo, the reaction mixture was purified by 
column chromatography on silica gel (n-Hexane: EtOAc = 4:1) to give the target compound 7-45 in 81% 





Yield: 81% (12.6 mg) 













(x,y) = (0,3), (1,2), (2,1)
KF (10 equiv)
aq. H2O2 (10 equiv) MeI (3.0 equiv)
DMF, 80 ºC, 10 min
81% yield
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1H NMR (CDCl3, 400 MHz) δ 5.28 (d, 1H, J =1.6 Hz), 4.30 (d, 1H, J = 2.8 Hz), 3.89 (ddd, 1H, J = 6.8, 
8.8, 9.6 Hz), 3.65 (s, 3H), 3.41 (s, 3H), 3.37 (s, 3H), 2.96 (q, 2H, J = 8.4, 15.6 Hz), 2.51 (dd, 1H, J = 9.2, 
16.4 Hz), 2.37 (ddd, 1H, J = 2.8, 9.2, 18.4 Hz), 2.30 (t, 2H, J = 7.6 Hz), 2.23 (ddd, 1H, J = 6.8, 8.0, 12.0 
Hz), 2.15 (dd, 1H, J = 0.80, 16.4 Hz), 2.04 (t, 2H, J = 7.6 Hz), 1.81 (q, 1H, J = 8.8 Hz), 1.63 (quin, 2H, J 
= 8.0 Hz), 1.44 (quin, 2H, J = 7.6 Hz), 1.31 (ddd, 1H, J = 8.4, 9.6, 12.0 Hz) 
13C NMR (CDCl3, 100 MHz) δ 174.1, 141.6, 127.7, 109.1, 74.7, 55.6, 54.8, 53.5, 51.4, 46.3, 41.4, 41.2, 
39.6, 33.9, 30.5, 27.1, 24.6 
HRMS (ESI): [M+Na]+ calcd for C17H28O5Na: 335.1829, found: 335.1825 
IR(neat)ν 2920, 1736, 1457, 1260, 1064, 800 cm-1 
[α]D 26 -0.80 (c 0.40, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.30 
 
7.15. Deprotection & HWE reaction of compound 7-45 
 
  To a solution of compound 7-45 (6.0 mg, 0.019 mmol) in actetone/H2O (5:1, 500 µL), TsOH·H2O (3.7 
mg, 0.019) was added at room temperature. After stirring the reaction mixture at this temperature for 3 h, 
to a reaction mixtute, a solution of Horner-Wadsworth-Emmons reagent7-3) (16.8 mg, 0.076 mmol) and NaH 
(1.36 mg, 0.057 mmol) in THF (1.0 mL) was added at room temperature. After stirring the reaction mixture 
at this temperature for 1 h, the reaction mixture was quenched by the addition of aq. sat. NH4Cl (1.0 mL) 
at 0 ºC and extracted with EtOAc (3 ×5 mL). The combined organic extracts were washed with sat. aq. 
NaCl solution (10 mL). Then, the combined organic extracts were dried with anhydrous Na2SO4, filtered, 
and concentrated under reduced pressure. After concentration in vacuo, the reaction mixture was purified 
by column chromatography on silica gel (n-Hexane: EtOAc = 4:1) to give the target compound 7-47 in 


































Yield: 81% (5.57 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 6.76 (d, 1H, J = 8.8, 15.6 Hz), 6.20 (dd, 1H, J = 0.80, 15.6 Hz), 5.31 (d, 
1H, J = 1.6 Hz), 3.93 (q, 1H, J = 9.2 Hz), 3.67 (s, 3H), 3.07 (d, 1H, J = 6.8 Hz), 2.55 (t, 2H, J = 7.6 Hz), 
2.43-2.47 (m, 2H), 2.31 (t, 2H, J = 7.6 Hz), 2.29-2.39 (m, 1H), 2.16 (q, 2H, J = 8.4 Hz), 2.04 (q, 2H, J = 
7.6 Hz), 1.62 (quin, 5H, J = 7.6 Hz), 1.47 (q, 2H, J = 7.2 Hz), 1.25-1.39 (m, 5H), 0.878-0.912 (m, 3H) 
13C NMR (CDCl3, 100 MHz) δ 200.5, 174.1, 147.3, 141.5, 131.1, 128.1, 77.2, 58.1, 51.5, 46.0, 44.3, 40.5, 
40.2, 39.8, 33.9, 31.4, 30.5, 27.1, 24.6, 23.8, 22.5, 13.9 
HRMS (ESI): [M+Na]+ calcd for C22H34O4Na: 385.2349, found: 385.2354 
IR(neat)ν 2928, 1739, 1669, 1437, 1175, 1092, 476, 447, 435, 411 cm-1 
[α]D 26 +7.75 (c 0.55, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.50 
 
7.16. Stereoselective reduction of compound 7-47 
 
  To a solution of compound 7-47 (5.0 mg, 0.013 mmol) in THF (1.0 mL), (-)-DIPCl (53 µL, 0.053 mmol, 
1.7 M in n-Hexane) was added at -20 ºC. After stirring the reaction mixture at this temperature for 1 h, the 
reaction mixture was quenched by the addition of aq. sat. NH4Cl (1.0 mL) at -20 ºC and extracted with 
EtOAc (3 ×5 mL). The combined organic extracts were washed with sat. aq. NaCl solution (10 mL). Then, 
the combined organic extracts were dried with anhydrous Na2SO4, filtered, and concentrated under reduced 
pressure. After concentration in vacuo, the reaction mixture was purified by column chromatography on 
silica gel (n-Hexane: EtOAc = 1:1) to give the target compound 7-1 in 85% yield (4.0 mg, 0.011 mmol). 















Yield: 85% (4.0 mg) 
Physical State: Colorless oil  
1H NMR (CDCl3, 400 MHz) δ 5.53-5.64 (m, 2H), 5.29 (d, 1H, J = 1.6 Hz), 4.11 (quin, 1H, J = 7.2 Hz), 
3.77 (q, 1H, J = 9.2 Hz), 3.67 (s, 3H), 3.01 (q, 1H, J = 9.2 Hz), 2.43 (m, 1H, J = 8.8 Hz), 2.32 (t, 2H, J = 
7.6 Hz), 2.27-2.37 (m, 2H), 2.00-2.06 (m, 3H), 1.94 (dt, 1H, J = 7.2, 9.2 Hz), 1.41-1.66 (m, 6H), 1.24-1.34 
(m, 9H), 0.882-0.905 (m, 3H) 
13C NMR (CDCl3, 100 MHz) δ 174.2, 141.5, 135.4, 132.2, 128.3, 77.5, 72.8, 58.1, 51.5, 45.7, 44.3, 39.8, 
39.7, 37.4, 33.9, 31.6, 30.5, 27.2, 25.2, 24.7, 22.6, 14.1 
HRMS (ESI): [M+Na]+ calcd for C22H36O4Na: 387.2505, found: 387.2505 
IR(neat)ν 3385, 2927, 2859, 1740, 1438, 1258, 1201, 1173, 1089, 912 cm-1 
[α]D 26 +9.50 (c 0.40, MeOH), literature7-4)b); [α]D 20 +10 (c 0.55, MeOH) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.30 
 
7.17.  Deprotection & HWE reaction of compound 7-41 
 
  To a solution of compound 7-41 (11.1 mg, 0.020 mmol) in actetone/H2O (5:1, 500 µL), TsOH·H2O (3.8 
mg, 0.020) was added at room temperature. After stirring the reaction mixture at this temperature for 3 h, 
to a reaction mixtute, a solution of Horner-Wadsworth-Emmons reagent7-3) (17.6 mg, 0.080 mmol) and NaH 
(1.40 mg, 0.060 mmol) in THF (1.0 mL) was added at room temperature. After stirring the reaction mixture 
at this temperature for 1 h, the reaction mixture was quenched by the addition of aq. sat. NH4Cl (1.0 mL) 
at 0 ºC and extracted with EtOAc (3 ×5 mL). The combined organic extracts were washed with sat. aq. 
NaCl solution (10 mL). Then, the combined organic extracts were dried with anhydrous Na2SO4, filtered, 
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by column chromatography on silica gel (n-Hexane: EtOAc = 4:1) to give the target compound 7-42 in 





Yield: 79% (9.5 mg) 
Physical State: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 7.50-7.63 (m, 6H), 7.36-7.40 (m, 9H), 6.45 (dd, 1H, J = 8.0, 16.0 Hz), 5.64 
(d, 1H, J = 16.0 Hz), 5.10 (s, 1H), 4.34 (quin, 1H, J = 4.4 Hz), 4.06-4.16 (m, 2H), 3.67 (s, 3H), 2.27-2.42 
(m, 5H), 1.78-2.04 (m, 5H), 1.08-1.31 (m, 15H) 
13C NMR (CDCl3, 100 MHz) δ 200.7, 174.1, 150.3, 141.1, 136.0, 136.0, 136.0, 136.0, 136.0, 136.0, 134.2, 
134.2, 134.2, 129.4, 129.4, 129.4, 127.7, 127.7, 127.7, 127.7, 127.7, 127.7, 84.9, 53.8, 51.5, 47.2, 42.1, 
40.8, 38.9, 38.4, 33.5, 32.5, 31.4, 27.3, 24.5, 23.6, 22.5, 21.4, 14.0 
HRMS (ESI): [M+Na]+ calcd for C40H48O3SiNa: 627.3265, found: 627.3270 
IR(neat)ν 1737, 1428, 1367, 1109, 741, 702, 514 cm-1 
[α]D 26 -50.2 (c 1.1, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.55 
 
7.18. References 
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Chapter 8. 
 
8.1. Formal (3+2) cycloaddition reaction to provide cyclopentanone derivative 
 
  To a solution of ethyl 3-hexene-2,5-dione 8-1 (33.6 mg, 0.30 mmol) and aldehyde 8-7 (19.8 mg, 0.15 
mmol) in i-PrOH (300 µL), H2O (8.1 µL, 0.45 mmol), diphenylprolinol silyl ether 8-3 (7.32 mg, 0.0225 
mmol), p-nitrophenol (20.8 mg, 0.15 mmol) were added at room temperature. After stirring the reaction 
mixture at this temperature for 24 h, the reaction mixture was quenched by aq. K2CO3 (10 mL). Upon 
completion, EtOAc (40 mL) was added and the mixture was washed with aq. K2CO3 (3 ×20 mL). The 
combined organic extracts were washed with sat. aq. NaCl solution (20 mL). Then, the combined organic 
extracts were dried with anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After 
concentration in vacuo, the reaction mixture was purified by column chromatography on silica gel (n-




Yield: 89% (29.9 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3) δ 2.06 (s, 3H), 2.69-2.63(m, 2H), 2.78-2.72 (m, 1H), 2.82 (dd, J = 3.6, 19.2, Hz, 1H), 
2.97 (dd, J = 5.2, 18.8 Hz, 1H), 3.19 (t, J = 11.2 Hz, 1H), 3.75 (dt, J = 8.4, 11.2Hz, 1H), 7.21-7.16 (m, 2H), 
7.27-7.25 (m, 3H), 9.55 (d, J = 1.2 Hz, 1H) 
13C NMR (CDCl3) δ 214.2, 206.1, 201.2, 140.3, 129.1, 129.1, 127.5, 127.2, 127.2, 59.9, 46.0, 45.7, 42.4, 
41.8, 29.7 
HRMS (ESI): [M+Na]+ calcd for C15H16O3Na: 267.0992, found: 267.0997 
IR(neat)ν 1743, 1718, 1496, 1401, 1364, 1152, 1056, 759, 701, 476 cm-1 
[α]D 24 +112 (c 1.0, CHCl3) 
















 H2O (3.0 equiv)
i-PrOH, rt, 24 h
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8.2. Wittig reaction and determinane the value of ee 
 
  To a solution of aldehyde (24.4 mg, 0.10 mmol) in toluene (100 µL), Wittig reagent (69.6 mg, 0.20 
mmol) were added at room temperature. After stirring the reaction mixture at this temperature for 1 hour, 
the reaction mixture was directly purified by column chromatography on silica gel (n-Hexane : EtOAc = 
3:1) to give the target compound (29.9 mg, 0.095 mmol) in 95% yield (single isomer). 
  The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 




Yield: 95% (29.9 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3) δ 1.23 (t, J = 7.2 Hz, 3H), 2.16 (s, 3H), 2.47-2.42 (m, 1H), 2.77-2.67 (m, 2H), 2.82 (dd, 
J = 8.0, 18.8 Hz, 1H), 2.94 (dd, J = 19.2, 4.8 Hz, 1H), 3.02 (m, 1H), 3.17 (dt, J = 8.4, 11.2 Hz, 1H), 4.11 
(q, J = 7.2 Hz, 2H), 5.61 (d, J = 15.6 Hz, 1H), 6.78 (dd, J = 8.8, 15.6 Hz, 1H), 7.26-7.23 (m, 3H), 7.31 (t, 
J = 7.6 Hz, 2H) 
13C NMR (CDCl3) δ 215.0, 205.8, 165.7, 147.5, 140.4, 128.7, 128.7, 127.3, 127.3, 127.0, 123.3, 60.3, 51.3, 
50.9, 46.6, 45.5, 40.6, 29.9 14.0 
HRMS (ESI): [M+Na]+ calcd for C19H22O4Na: 337.1410, found: 337.1415 
IR(neat)ν1743, 1715, 1368, 1308, 1227, 1163, 701 cm-1 
[α]D 27 +79.5 (c 1.0, CHCl3) 
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8.3. Typical one-pot procedure of synthesis of chiral cis-hydrindanes 
 
  To a solution of ethyl 3-hexene-2,5-dione 8-1 (33.6 mg, 0.30 mmol) and aldehyde 8-7 (19.8 mg, 0.15 
mmol) in i-PrOH (300 µL), H2O (8.1 µL, 0.45 mmol), diphenylprolinol silyl ether 8-3 (7.32 mg, 0.0225 
mmol), p-nitrophenol (20.8 mg, 0.15 mmol) were added at room temperature. After stirring the reaction 
mixture at this temperature for 24 h, the crude mixture was concentrated under reduced pressure. To a crude 
in toluene (1.0 mL), TsOH«H2O (11.4 mg, 0.060 mmol) was added at 80 ºC. After stirring the reaction 
mixture at this temperature for 5 h, the reaction mixture was quenched by aq. K2CO3 (10 mL). Upon 
completion, EtOAc (40 mL) was added and the mixture was washed with aq. K2CO3 (3 ×20 mL). The 
combined organic extracts were washed with sat. aq. NaCl solution (20 mL). Then, the combined organic 
extracts were dried over on anhydrous Na2SO4, filtered, and concentrated under reduced pressure. After 
concentration in vacuo, the reaction mixture was purified by column chromatography on silica gel (n-
Hexane: EtOAc = 6:1) to give the target compound 8-9 (20.7 mg, 0.0915 mmol) in 61% yield (single 
isomer). 
  The enantiomeric ratio was determined by HPLC using CHIRALPACK® AY-H (n-Hexane: i-PrOH = 
9:1; flow rate 1.0 ml/min, major isomer tR = 38.8 min, minor isomer tR = 45.7 min) (>99% ee). 
 
8.4. Compounds information 
  
(3S,3aR,7aR)-3-Phenyl-3,3a,7,7a-tetrahydro-1H-indene-1,6(2H)-dione (Table 8-1., entry 1) 
 
Yield: 61% (20.7 mg) 
Physical State: Brown amorphous  
1H NMR (CDCl3) δ 7.39-7.35 (m, 2H), 7.30-7.24 (m, 3H), 7.15 (d, J = 8.0 Hz, 2H), 6.84 (dd, J = 3.6, 10.4 
Hz, 1H), 6.06 (dd, J = 2.0, 10.4 Hz, 1H), 3.56 (q, J = 7.2 Hz, 1H), 3.24-3.19 (m, 1H), 3.00 (q, J = 7.6 Hz, 












 H2O (3.0 equiv)





Toluene, 80 ºC, 5 h
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13C NMR (CDCl3) δ 215.5, 195.6, 149.1, 141.3, 130.5, 129.1, 129.1, 127.4, 126.8, 126.8, 45.0, 44.9, 44.5, 
43.6, 34.1 
HRMS (ESI): [M+Na]+ calcd for C15H14O2Na: 249.0886, found: 249.0886 
IR(neat)ν 1742, 1683, 1245, 741, 701 cm-1 
[α]D 26 -6.82 (c 1.0, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® AY-H (n-Hexane: i-PrOH = 9:1; 
flow rate 1.0 ml/min, major isomer tR = 38.8 min, minor isomer tR = 45.7 min) (>99% ee). 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
 
(3S,3aR,7aR)-3-(4-Methoxyphenyl)-3,3a,7,7a-tetrahydro-1H-indene-1,6(2H)-dione (Table 8-1., entry 
2) 
  
Yield: 53% (20.4 mg) 
Physical State: Brown amorphous 
1H NMR (CDCl3) δ 7.18 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.84 (dd, J = 3.6, 10.4 Hz, 1H), 6.06 
(dd, J = 1.6, 10.4 Hz, 1H), 3.81 (s, 3H), 3.53 (q, J = 6.4 Hz, 1H), 3.21-3.16 (m, 1H), 3.00 (q, J = 7.2 Hz, 
1H), 2.79-2.67 (m, 3H), 2.53 (dd, J = 7.2, 17.2 Hz, 1H) 
13C NMR (CDCl3) δ 215.7, 195.6, 158.8, 149.2, 133.2, 130.4, 127.8, 127.8, 114.4, 114.4, 55.3, 50.0, 44.6, 
44.1, 43.9, 34.1 
HRMS (ESI): [M+Na]+ calcd for C16H16O3Na: 279.0992, found: 279.0993 
IR(neat)ν 1741, 1682, 1611, 1514, 1250, 1181, 1033, 832 cm-1 
[α]D 26 +12.1 (c 2.0, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® AY-H (n-Hexane: i-PrOH = 4:1; 
flow rate 1.0 ml/min, major isomer tR = 33.4 min, minor isomer tR = 37.0 min) (98% ee). 
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(3S,3aR,7aR)-3-(p-Tolyl)-3,3a,7,7a-tetrahydro-1H-indene-1,6(2H)-dione (Table 8-1., entry 3) 
 
Yield: 54% (19.4 mg) 
Physical State: Brown amorphous 
1H NMR (CDCl3) δ 7.18 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 6.85 (dd, J = 3.6, 10.4 Hz, 1H), 6.06 
(dd, J = 2.0, 10.4 Hz, 1H), 3.55 (q, J = 7.2 Hz, 1H), 3.23-3.18 (m, 1H), 3.01 (q, J = 7.2 Hz, 1H), 2.77 (dd, 
J = 7.2, 17.2 Hz, 1H), 2.71 (d, J = 7.6 Hz, 1H), 2.70 (d, J = 6.8 Hz, 1H), 2.53 (dd, J = 7.2, 17.2 Hz, 1H), 
2.35 (s, 3H) 
13C NMR (CDCl3) δ 215.7, 195.6, 149.2, 138.3, 137.1, 130.4, 129.7, 129.7, 126.7, 126.7, 50.0, 44.6, 44.5, 
43.7, 34.1, 21.0 
HRMS (ESI): [M+Na]+ calcd for C16H16O2Na: 263.1043, found: 263.1050 
IR(neat)ν 1741, 1683, 1516, 1390, 1244, 1174, 818 cm-1 
[α]D 26 +4.11 (c 1.0, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® AY-H (n-Hexane: i-PrOH = 9:1; 
flow rate 1.0 ml/min, major isomer tR = 31.6 min, minor isomer tR = 35.1 min) (99% ee). 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
 
(3S,3aR,7aR)-3-(4-Fluorophenyl)-3,3a,7,7a-tetrahydro-1H-indene-1,6(2H)-dione (Table 8-1., entry 4) 
 
Yield: 61% (22.1 mg) 
Physical State: Brown amorphous 
1H NMR (CDCl3) δ 7.26-7.22 (m, 3H), 7.09-7.05 (m, 2H), 6.83 (dd, J = 3.6, 10.0 Hz, 1H), 6.07 (dd, J = 
2.0, 10.0 Hz, 1H), 3.56 (q, J = 6.0 Hz, 1H), 3.21-3.17 (m, 1H), 3.00 (q, J = 7.6 Hz, 1H), 2.78 (dd, J = 2.4, 
8.0 Hz, 1H), 2.74 (dd, J = 3.6, 8.0 Hz, 1H), 2.66 (dd, J = 6.8, 19.2 Hz, 1H), 2.55 (dd, J = 7.2, 17.2 Hz, 1H) 
13C NMR (CDCl3) δ 215.1, 195.4, 161.2 (d, JC-F = 246 Hz), 148.7, 136.9 (d, JC-F = 30 Hz), 130.6,  
128.3 (d, JC-F = 80 Hz), 128.3 (d, JC-F = 80 Hz), 115.9 (d, JC-F = 220 Hz), 115.9 (d, JC-F = 220 Hz), 50.0, 
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HRMS (ESI): [M+Na]+ calcd for C15H13FO2Na: 267.0792, found: 267.0793 
IR(neat)ν 1742, 1682, 1511, 1225, 1161, 834 cm-1 
[α]D 26 -2.73 (c 1.6, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® AD-H (n-Hexane: i-PrOH = 9:1; 
flow rate 1.0 ml/min, major isomer tR = 17.6 min, minor isomer tR = 21.6 min) (>99% ee). 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.45 
 
(3S,3aR,7aR)-3-(4-Chlorophenyl)-3,3a,7,7a-tetrahydro-1H-indene-1,6(2H)-dione (Table 8-1., entry 
5) 
 
Yield: 63% (24.6 mg) 
Physical State: Brown amorphous 
1H NMR (CDCl3) δ 7.35 (d, J = 8.4 Hz, 2H), 7.20 (d, J = 8.4 Hz, 2H), 6.81 (dd, J = 3.6, 10.4 Hz, 1H), 6.07 
(dd, J = 2.0, 10.4 Hz, 1H), 3.55 (q, J = 10.4 Hz, 1H), 3.21-3.17 (m, 1H), 2.99 (q, J = 7.2 Hz, 1H), 2.79-2.71 
(m, 2H), 2.65 (dd, J = 6.4, 18.8 Hz, 1H), 2.54 (dd, J = 7.2, 17.2 Hz, 1H) 
13C NMR (CDCl3) δ 214.9, 195.3, 148.6, 139.8, 133.3, 130.7, 129.2, 129.2, 128.2, 128.2, 50.0, 44.3, 44.3, 
43.6, 34.0 
HRMS (ESI): [M+Na]+ calcd for C15H1335ClO2Na: 283.0496, found: 283.0495 
HRMS (ESI): [M+Na]+ calcd for C15H1337ClO2Na: 285.0467, found: 285.0467 
IR(neat)ν 1743, 1683, 1493, 1245, 1091, 1013, 829 cm-1 
[α]D 26 +5.67 (c 2.0, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® AY-H (n-Hexane: i-PrOH = 9:1; 
flow rate 1.0 ml/min, major isomer tR = 31.6 min, minor isomer tR = 35.1 min) (>99% ee). 
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(3S,3aR,7aR)-3-(4-Bromophenyl)-3,3a,7,7a-tetrahydro-1H-indene-1,6(2H)-dione (Table 8-1., entry 
6) 
 
Yield: 60% (27.3 mg) 
Physical State: Brown amorphous 
1H NMR (CDCl3) δ 7.51 (d, J = 8.4 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 6.82 (dd, J = 3.6, 10.4 Hz, 1H), 6.08 
(dd, J = 2.0, 10.4 Hz, 1H), 3.54 (q, J = 10.4 Hz, 1H), 3.21-3.17 (m, 1H), 2.99 (q, J = 7.6 Hz, 1H), 2.79-2.71 
(m, 2H), 2.66 (dd, J = 6.8, 19.2 Hz, 1H), 2.54 (dd, J = 7.2, 17.2 Hz, 1H) 
13C NMR (CDCl3) δ 214.9, 195.3, 148.5, 140.3, 132.1, 130.71, 130.71, 128.5, 121.3, 121.3,50.0, 44.5, 
44.3, 43.5, 34.0 
HRMS (ESI): [M+Na]+ calcd for C15H1379BrO2Na: 326.9991, found: 326.9991 
HRMS (ESI): [M+Na]+ calcd for C15H1381BrO2Na: 328.9971, found: 328.9973 
IR(neat)ν 1742, 1683, 1490, 1245, 1010, 825, 752cm-1 
[α]D 26 +15.37 (c 0.80, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® AY-H (n-Hexane: i-PrOH = 4:1; 
flow rate 1.0 ml/min, major isomer tR = 20.7 min, minor isomer tR = 23.7 min) (99% ee). 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.45 
 
(3S,3aR,7aR)-3-(3-Bromophenyl)-3,3a,7,7a-tetrahydro-1H-indene-1,6(2H)-dione (Table 8-1., entry 
7) 
 
Yield: 61% (27.7 mg) 
Physical State: Brown amorphous 
1H NMR (CDCl3) δ 7.45-7.43 (m, 2H), 7.28-7.24 (m, 2H), 7.20-7.18 (m, 2H), 6.82 (dd, J = 3.6, 10.4 Hz, 
1H), 6.08 (dd, J = 2.0, 10.4 Hz, 1H), 3.54 (q, J = 10.0 Hz, 1H), 3.25-3.20 (m, 1H), 3.01 (q, J = 7.2 Hz, 1H), 
2.80-2.72 (m, 2H), 2.67 (dd, J = 6.8, 18.8 Hz, 1H), 2.55 (dd, J = 7.2, 17.2 Hz, 1H) 
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43.5, 34.0 
HRMS (ESI): [M+Na]+ calcd for C15H1379BrO2Na: 326.9991, found: 326.9991 
HRMS (ESI): [M+Na]+ calcd for C15H1381BrO2Na: 328.9971, found: 328.9971 
IR(neat)ν 1742, 1683, 1594, 1567, 1475, 1243, 753, 695cm-1 
[α]D 26 -24.6 (c 2.0 CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® AD-H (n-Hexane: i-PrOH = 9:1; 
flow rate 1.0 ml/min, major isomer tR = 15.6 min, minor isomer tR = 13.1 min) (98% ee). 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.45 
 
(3S,3aR,7aR)-3-(2-Bromophenyl)-3,3a,7,7a-tetrahydro-1H-indene-1,6(2H)-dione (Table 8-1., entry 
8) 
 
Yield: 60% (27.3 mg) 
Physical State: Brown amorphous 
1H NMR (CDCl3) δ 7.66 (dd, J = 1.2, 8.0 Hz, 1H), 7.31 (dt, J = 1.2, 7.6 Hz, 1H), 7.17 (dt, J = 1.6, 8.0 Hz, 
1H), 7.15 (dd, J = 1.6, 7.6 Hz, 1H), 7.01(ddd, J = 0.80, 3.6, 10.4 Hz, 1H), 6.11 (dd, J = 2.4, 10.0 Hz, 1H), 
4.02-3.98 (m, 1H), 3.34-3.30 (m, 1H), 2.92-2.83 (m, 2H), 2.67 (d, J = 6.0 Hz, 2H), 2.47 (dd, J = 6.8, 8.8 
Hz, 1H) 
13C NMR (CDCl3) δ 216.0, 195.5, 149.7, 140.8, 133.7, 131.1, 128.9, 127.9, 126.5, 125.0, 43.9, 43.2, 43.0, 
41.2, 34.2 
HRMS (ESI): [M+Na]+ calcd for C15H1379BrO2Na: 326.9991, found: 326.9991 
HRMS (ESI): [M+Na]+ calcd for C15H1381BrO2Na: 328.9971, found: 328.9971 
IR(neat)ν1743, 1682, 1470, 1239, 1023, 749 cm-1 
[α]D 26 -116.9 (c 2.0, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® OJ-H (n-Hexane: i-PrOH = 9:1; 
flow rate 1.0 ml/min, major isomer tR = 25.7 min, minor isomer tR = 28.1 min) (96% ee). 
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(3S,3aS,7aR)-3-(Dimethyl(phenyl)silyl)-3,3a,7,7a-tetrahydro-1H-indene-1,6(2H)-dione (Table 8-1., 
entry 9) 
 
Yield: 51% (17.0 mg) 
Physical State: Brown amorphous 
1H NMR (CDCl3) δ 6.87 (ddd, J = 1.2, 2.8, 10.4 Hz, 1H), 6.07 (dd, J = 2.0, 10.4 Hz, 1H), 4.23 (q, J = 7.2 
Hz, 2H), 3.58 (dd, J = 2.4, 7.2 Hz, 1H), 3.16 (td, J = 2.8, 9.2 Hz, 1H), 3.02-2.97 (m, 1H), 2.89 (dd, J = 3.6, 
17.6 Hz, 1H), 2,77-2.71 (m, 1H), 2.55 (dd, J = 7.2, 17.2 Hz, 1H), 2.42 (dd, J = 9.2, 19.6 Hz, 1H), 1.31 (t, J 
= 7.2 Hz, 3H) 
13C NMR (CDCl3) δ 213.7, 195.0, 173.1, 148.2, 131.8, 61.7, 50.0, 43.6, 39.8, 38.2, 33.9, 14.2 
HRMS (ESI): [M+Na]+ calcd for C12H14O4Na: 245.0784, found: 245.0784 
IR(neat)ν 1743, 1731, 1684, 1373, 1243, 1192, 1110, 1031cm-1 
[α]D 26 -23.28 (c 0.80, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® OB-H (n-Hexane: i-PrOH = 9:1; 
flow rate 1.0 ml/min, major isomer tR = 22.9 min, minor isomer tR = 21.1 min) (98% ee). 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.20 
 
(3S,3aS,7aR)-3-(Dimethyl(phenyl)silyl)-3,3a,7,7a-tetrahydro-1H-indene-1,6(2H)-dione (Table 8-1., 
entry 10) 
 
Yield: 60% (25.6 mg) 
Physical State: Brown amorphous 
1H NMR (CDCl3) δ 7.53-7.51 (m, 2H), 7.43-7.38 (m, 3H), 6.62 (dd, J = 3.6, 10.4 Hz, 1H), 5.93 (dd, J = 
2.0, 10.4 Hz, 1H), 3.08-3.04 (m, 1H), 2.68 (dd, J = 6.4, 16.8 Hz, 1H), 2.55 (q, J = 6.8 Hz, 1H), 2.52-2.41 
(m, 2H, 2.31 (ddd, J = 1.2, 6.8, 19.2 Hz, 1H), 1.71-1.66 (m, 1H), 0.41 (s, 6H) 
13C NMR (CDCl3) δ 216.5, 195.7, 151.3, 136.0, 133.7, 133.7, 130.0, 129.6, 128.3, 128.3, 46.4, 38.1, 37.9, 
34.2, 26.3, -4.00, -4.51 
HRMS (ESI): [M+Na]+ calcd for C17H20O2SiNa: 307.1125, found: 307.1125 
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[α]D 26 +14.33 (c 1.0, CHCl3) 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IF (n-Hexane: i-PrOH = 9:1; flow 
rate 1.0 ml/min, major isomer tR = 30.1 min, minor isomer tR = 25.9 min) (98% ee). 




9.1. Typical procedure of asymmetric Michael/Michael reaction to provide multi-functional 
cyclopentanone derivative 
 
  To a solution of diethyl 2-(2-oxopropylidene)malonate 9-1 (32.0 mg, 0.15 mmol) and cinnamaldehyde 
9-5 (19.8 mg, 0.15 mmol) in i-PrOH (300 µl), H2O (8.1 µL, 0.45 mmol), (S)-2-
(((methyldiphenylsilyl)oxy)diphenylmethyl)pyrrolidine (6.75 mg, 0.015 mmol) and benzoic acid (18.0 mg, 
0.15 mmol) were added at room tempreture. After stirring the reaction mixture at this temperature for 24 
hours, the reaction was quenched with aq. sat. NaHCO3 (1 mL) and EtOAc (1 mL) was added. The separated 
organic layer was washed with sat. aq. NaHCO3 (1 mL) for three times. The combined organic layers were 
concentrated in vacuo. The crude material was purified by flash column chromatography on silica gel (n-
Hexane: EtOAc = 7:1) to afford the desired product 9-6 in 82% yield (single isomer). 
 
9.2. Compounds information 
 
Diethyl 2-((1R,2R,3S)-2-formyl-5-oxo-3-phenylcyclopentyl)malonate (Table 9-2., entry 1) 
 
Yield: 82% (42.6 mg) 
Physical state: Yellow oil 
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Hz, 1H), 2.87 (dd, J = 8.4, 18.4 Hz, 1H), 3.20 (ddd, J = 1.2, 4.0, 10.4 Hz, 1H), 3.33 (dt, J = 8.8, 12.0 Hz, 
1H), 3.84 (dd, J = 1.6, 10.8 Hz, 1H), 4.09 (d, J = 4.4 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 4.18-4.26 (m, 2H), 
7.28-7.39 (m, 5H), 9.63 (d, J = 1.6 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 13.9, 14.0, 43.5, 45.9, 49.2, 50.8, 57.7, 62.1, 62.1, 127.3, 127.3, 127.7, 
129.1, 129.1, 140.1, 167.9, 168.3, 201.0, 212.6 
HRMS (ESI): [M+Na]+ calcd for C19H22O6Na: 369.1309, found: 369.1309 
IR(neat) ν 3473, 2983, 1732, 1456, 1371, 1261, 1157, 1029, 765, 702 cm-1 
[α]D 26 +74.0 (c 1.00, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.50 
 
Diethyl 2-((1R,2R,3S)-2-formyl-5-oxo-3-(p-tolyl)cyclopentyl)malonate (Table 9-2., entry 2) 
 
Yield: 70% (37.8 mg) 
Physical state: Yellow oil 
1H NMR (CDCl3, 400MHz) δ 1.25-1.29 (m, 6H), 2.34 (s, 3H), 2.82 (dd, J = 9.2, 18.8 Hz, 1H), 2.87 (dd, J 
= 12.4, 18.8 Hz, 1H), 2.98 (ddd, J = 1.2, 4.0, 11.2 Hz, 1H), 3.30 (dt, J = 8.4, 11.6 Hz, 1H), 3.80 (dt, J = 1.6, 
10.8 Hz, 1H), 4.07 (d, J = 4.0 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 4.17-4.24 (m, 2H), 6.81 (d, J = 8.8 Hz, 
2H), 7.27 (d, J = 8.8 Hz, 2H), 9.62 (d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 13,8, 13.9, 21.0, 43.2, 46.0, 49.2, 50.7, 57.8, 62.0, 62.0, 127.1, 127.1, 
129.7, 129.7, 137.0, 137.3, 167.9, 168.3, 201.1, 212.8 
HRMS (ESI): [M+Na]+ calcd for C20H24O6Na: 383.1465, found: 383.1470 
IR(neat) ν 1732, 1371, 1305, 1258, 1231, 1176, 1155, 1113, 1026 cm-1 
[α]D 26 +40.7 (c 2.53, CHCl3) 
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Diethyl 2-((1R,2R,3S)-2-formyl-3-(4-methoxyphenyl)-5-oxocyclopentyl)malonate (Table 9-2., entry 
3) 
 
Yield: 65% (36.7 mg) 
Physical state: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.24-1.30 (m, 6H), 2.76 (dd, J = 12.0, 18.8 Hz, 1H), 2.84 (dd, J = 9.2, 18.8 
Hz, 1H), 3.18 (ddd, J = 0.80, 8.4, 10.8 Hz, 1H), 3.30 (dt, J = 8.0, 11.6 Hz, 1H), 3.75 (dd, J = 4.0, 11.6 Hz, 
1H), 3.81 (s, 3H), 4.08 (d, J = 4.0 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 4.18-4.25 (m, 2H), 6.81 (d, J = 8.8 Hz, 
2H), 7.30 (d, J = 8.8 Hz, 2H), 9.63 (d, J = 2.0 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 13.9, 14.0, 29.7, 42.8, 46.1, 49.2, 50.8, 55.2, 55.3, 58.0, 62.0, 114.4, 114.4, 
128.3, 128.3, 132.0, 159.0, 167.9, 168.3, 201.2, 212.8 
HRMS (ESI): [M+Na]+ calcd for C20H24O7Na: 399.1414, found: 399.1419 
IR(neat) ν 1731, 1514, 1298, 1177, 1097, 1027, 766 cm-1 
[α]D 26 +53.1 (c 0.60, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.30 
 
Diethyl 2-((1R,2R,3S)-3-(4-fluorophenyl)-2-formyl-5-oxocyclopentyl)malonate (Tabel 9-2., entry 4) 
 
Yield: 73% (39.8 mg) 
Physical state: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.27 (t, J = 7.2 Hz, 3H), 1.28 (t, J = 7.2 Hz, 3H), 2.75 (dd, J = 12.0, 18.4 
Hz, 1H), 2.86 (dd, J = 8.4, 18.8 Hz, 1H), 3.18 (ddd, J = 1.2, 4.0, 10.8 Hz, 1H), 3.35 (dt, J = 8.4, 11.6 Hz, 
1H), 3.80 (dd, J = 1.6, 11.2 Hz, 1H), 4.09 (d, J = 4.0 Hz, 1H), 4.14 (q, J = 6.8 Hz, 2H), 7.07 (t, J = 8.0 Hz, 
2H), 7.35 (dd, J = 5.2, 8.4 Hz, 2H), 9.63 (d, J = 2.0Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 13.8, 13.9, 42.6, 46.0, 49.3, 50.8, 57.9, 62.1, 62.1, 116.0, 116.0, 128.9, 
128.9, 135.9, 162.1, 167.9, 168.2, 200.7, 212.3 
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IR(neat) ν 1729, 1512, 1371, 1226, 1158, 1025, 837 cm-1 
[α]D 26 +22.9 (c 1.21, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.40 
 
Diethyl 2-((1R,2R,3S)-3-(4-chlorophenyl)-2-formyl-5-oxocyclopentyl)malonate (Tabel 9-2., entry 5) 
 
Yield: 71% (40.4 mg) 
Physical state: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.27 (t, J = 7.2 Hz, 3H), 1.28 (t, J = 7.2 Hz, 3H), 2.75 (dd, J = 12.0, 18.4 
Hz, 1H), 2.86 (dd, J = 8.4, 18.8 Hz, 1H), 3.17 (ddd, J = 1.2, 4.0, 10.8 Hz, 1H), 3.34 (dt, J = 8.4, 12.4 Hz, 
1H), 3.80 (dd, J = 2.0, 10.8 Hz, 1H), 4.10 (d, J = 4.0 Hz, 1H), 4.14 (q, J = 7.2 Hz, 2H), 4.18-4.25 (m, 2H), 
7.33-7.35 (m, 4H), 9.62 (d, J = 1.6 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 13.8, 13.9, 42.7, 45.8, 49.2, 50.7, 57.7, 62.1, 62.1, 128.7, 128.7, 129.3, 
129.3, 133.4, 138.7, 167.9, 168.2, 200.6, 211.2 
HRMS (ESI): [M+Na]+ calcd for C19H21ClO6Na: 403.0918, found: 403.092 
IR(neat) ν 1731, 1493, 1371, 1299, 1230, 1155, 1092, 1014 cm-1 
[α]D 26 +52.7 (c 1.0, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.40 
 
Diethyl 2-((1R,2R,3S)-3-(2-bromophenyl)-2-formyl-5-oxocyclopentyl)malonate (Table 9-2., entry 6) 
 
Yield: 61% (38.8 mg) 
Physical state: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.26 (t, J = 7.2 Hz, 6H), 2.25 (dd, J = 12.0, 18.4 Hz, 1H), 2.42 (ddd, J = 
1.2, 8.4, 18.8 Hz, 1H), 3.50 (ddd, J = 1.2, 4.4, 10.4 Hz, 1H), 3.30 (dt, J = 2.0, 11.2 Hz, 1H), 3.95 (dd, J = 
8.4, 12.0 Hz, 1H), 4.08 (d, J = 4.4 Hz, 1H), 4.13 (q, J = 7.2 Hz, 2H), 4.17-4.24 (m, 2H), 7.14 (dt, J = 1.6, 
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9.61 (d, J = 2.0Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 13.9, 14.0, 41.2, 45.0, 48.8, 50.8, 57.4, 62.1, 62.1, 124.7, 127.9, 128.5, 
129.1, 133.2, 139.4, 168.0, 168.2, 199.7, 212.1 
HRMS (ESI): [M+Na]+ calcd for C19H21BrO6Na: 447.0414, found: 447.0419 
IR(neat) ν 1731, 1371, 1329, 1231, 1177, 1155, 1026, 758 cm-1 
[α]D 26 +11.9 (c 0.50, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.40 
 
9.3. Typical procedure of Wittig reaction to determine the value of ee 
 
  To a solution of cyclopentanone derivative 9-6 (34.6 mg, 0.10 mmol) in toluene (300 µL), 
Ph3P=CHCO2Et (69.6 mg, 0.20 mmol) was added at room tempreture. After stirring the reaction mixture 
at this temperature for 2 h, the reaction mixture was directly purified by column chromatography on silica 
gel (n-Hexane: EtOAc = 7:1) to give the desired product (38.3 mg, 0.092 mmol) in 92% yield. 
  The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 
flow rate 1.0 ml/min, minor isomer tR = 27.4 min, major isomer tR = 29.6 min) (>99% ee). 
 




Yield: 92% (38.3 mg) 
Physical state: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 1.22 (t, J = 7.2 Hz, 3H), 1.26 (t, J = 7.2 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H), 
2.69 (dd, J = 12.4, 18.4 Hz, 1H), 2.82 (dd, J = 8.0, 18.8 Hz, 1H), 2.86 (dd, J = 4.4, 11.2 Hz, 1H), 3.15 (dt, 
J = 8.0, 12.0 Hz, 1H), 3.33 (q, J = 10.8 Hz, 1H), 3.89 (d, J = 4.4 Hz, 1H), 4.05-4.17 (m, 4H), 4.19-4.27 (m, 
2H), 5.55 (d, J = 15.6 Hz, 1H), 6.73 (dd, J = 9.2, 15.6 Hz, 1H), 7.23-7.26 (m, 3H), 7.31-7,34 (m, 2H) 
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127.4, 127.4, 128.8, 128.8, 140.0, 146.8, 165.7, 167.7, 168.0, 213.1 
HRMS (ESI): [M+Na]+ calcd for C23H28O7Na: 439.1727, found: 439.1732 
IR(neat) 1741, 1371, 1227, 1175, 1033, 701 cm-1 
[α]D 26 +89.4 (c 1.2, CHCl3).  
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.50 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 10:1; 




Yield: 89% (32.0 mg) 
Physical state: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.23 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H), 
2.32 (s, 3H), 2.67 (dd, J = 12.4, 18.8 Hz, 1H), 2.79 (dd, J = 8.0, 18.8 Hz, 1H), 2.85 (dd, J = 4.4, 11.6 Hz, 
1H), 3.12 (dt, J = 8.0, 12.4 Hz, 1H), 3.31 (q, J = 10.8 Hz, 1H), 3.88 (d, J = 4.8 Hz, 1H), 4.04-4.17 (m, 4H), 
4.19-4.27 (m, 2H), 5.56 (d, J = 15.6 Hz, 1H), 6.72 (dd, J = 9.2, 15.6 Hz, 1H), 7.12 (s, 4H) 
13C NMR (CDCl3, 100 MHz) δ 13.9, 14.0, 14.1, 21.0, 45.4, 46.4, 49.8, 50.2, 54.0, 60.4, 61.7, 61.9, 70.0, 
123.7, 127.3, 127.3, 129.5, 129.5, 136.9, 146.9, 165.7, 167.8, 168.0, 213.2 
HRMS (ESI): [M+Na]+ calcd for C24H30O7Na: 453.1883, found: 453.1880 
IR(neat) ν 1741, 1515, 1371, 1306, 1252, 1178, 1034 cm-1 
[α]D 26 +94.5 (c 1.0, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.50 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 6:1; flow 
















Yield: 88% (33.0 mg) 
Physical state: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.21-1.31 (m, 9H), 2.65 (dd, J = 12.4, 18.8 Hz, 1H), 2.79 (dd, J = 8.8, 18.8 
Hz, 1H), 2.85 (dd, J = 4.4, 11.6 Hz, 1H), 3.11 (ddd, J = 8.0, 10.8, 12.4 Hz, 1H), 3.28 (q, J = 10.8 Hz, 1H), 
3.89 (d, J = 4.4 Hz, 1H), 4.06-4.17 (m, 4H), 4.19-4.27 (m, 2H), 5.55 (d, J = 15.6 Hz, 1H), 6.72 (dd, J = 9.2, 
15.6 Hz, 1H), 6.85 (d, J = 8.4 Hz, 2H), 7.16 (d, J = 8.4 Hz, 2H) 
13C NMR (CDCl3, 100 MHz) δ 13.8, 13.9, 14.1, 45.4, 46.0, 50.0, 50.2, 54.0, 55.2, 60.3, 61.7, 61.8, 114.1, 
114.1, 123.7, 128.4, 128.4, 131.9, 146.9, 158.6, 165.7, 167.7, 168.0, 213.1 
HRMS (ESI): [M+Na]+ calcd for C24H30O8Na: 469.1832, found: 469.1836 
IR(neat) ν 1741, 1515, 1371, 1306, 1252, 1178, 1034 cm-1 
[α]D 26 +71.4 (c 0.60, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.30 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 6:1; flow 





Yield: 82% (30.0 mg) 
Physical state: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 1.23 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.2 Hz, 3H), 1.29 (t, J = 7.2 Hz, 3H), 
2.66 (dd, J = 12.4, 18.8 Hz, 1H), 2.80 (ddd, J = 0.8, 8.0, 18.8 Hz, 1H), 2.85 (dd, J = 4.4, 10.8 Hz, 1H), 3.13 
(ddd, J = 8.0, 10.8, 12.4 Hz, 1H), 3.30 (q, J = 10.8 Hz, 1H), 3.90 (d, J = 4.4 Hz, 1H), 4.05-4.18 (m, 4H), 
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(dd, J = 5.2, 8.8 Hz, 2H) 
13C NMR (CDCl3, 100 MHz) δ 13.8, 13.9, 14.1, 45.3, 46.1, 50.0, 50.1, 53.8, 60.4, 61.7, 61.8, 115.6 (2C), 
123.9, 128.9 (2C), 135.6, 146.5, 165.6, 167.6, 167.6, 168.0, 212.8 
HRMS (ESI): [M+Na]+ calcd for C23H27FO7Na: 457.1633, found: 457.1638 
IR(neat) ν 1729, 1512, 1371, 1306, 1258, 1224, 1176, 1158, 1097, 1033, 835 cm-1 
[α]D 26 +44.2 (c 0.60, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.40 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 6:1; flow 





Yield: 79% (30.0 mg) 
Physical state: Yellow oil 
1H NMR (CDCl3, 400 MHz) δ 1.24 (t, J = 7.2 Hz, 3H), 1.25 (t, J = 7.6 Hz, 3H), 1.27 (t, J = 7.2 Hz, 3H), 
2.66 (dd, J = 12.4, 18.4 Hz, 1H), 2.80 (dd, J = 8.0, 18.8 Hz, 1H), 2.85 (dd, J = 4.4, 11.6 Hz, 1H), 3.26 (dt, 
J = 8.0, 12.0 Hz, 1H), 3.31 (q, J = 10.8 Hz, 1H), 3.91 (d, J = 3.6 Hz, 1H), 4.05-4.27 (m, 6H), 5.55 (d, J = 
15.6 Hz, 1H), 6.70 (dd, J = 9.6, 15.6 Hz, 1H), 7.18 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H) 
13C NMR (CDCl3, 100 MHz) δ 13.9, 14.0, 14.1, 45.2, 46.2, 49.9, 50.1, 53.9, 60.5, 61.8, 61.9, 124.0, 128.8, 
128.8, 129.0, 129.0, 133.0, 138.5, 146.4, 165.6, 167.7, 168.0, 212.7 
HRMS (ESI): [M+Na]+ calcd for C23H27ClO7Na: 473.1337, found: 473.1330 
IR(neat)ν 3449, 1731, 1494, 1371, 1227, 1175, 1029, 1033, 504 cm-1 
[α]D 26 +117 (c 0.51, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.40 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 6:1; flow 













Yield: 94% (40.0 mg) 
Physical state: Colorless oil 
1H NMR (CDCl3, 400 MHz) δ 1.23 (t, J = 7.2 Hz, 3H), 1.27 (t, J = 7.6 Hz, 3H), 1.30 (t, J = 7.2 Hz, 3H), 
2.49 (dd, J = 12.8, 18.8 Hz, 1H), 2.89-2.95 (m, 2H), 3.48 (q, J = 10.8 Hz, 1H), 3.81 (dt, J = 8.0, 12.4 Hz, 
1H), 3.92 (d, J = 4.4 Hz, 1H), 4.05-4.28 (m, 6H), 5.62 (d, J = 15.6 Hz, 1H), 6.80 (dd, J = 9.6, 15.6 Hz, 1H), 
7.10 (ddd, J = 2.0, 7.2, 8.4 Hz, 1H), 7.34 (dt, J = 1.2, 8.0 Hz, 1H), 7.38 (dt, J = 1.6, 8.0 Hz, 1H), 7.55 (d, J 
= 1.2, 8.4 Hz, 1H) 
13C NMR (CDCl3, 100 MHz) δ 13.9, 14.0, 14.1, 44.5, 44.8, 48.8, 50.1, 53.8, 60.4, 61.8, 61.9, 123.9, 125.4, 
127.4, 128.2, 128.6, 133.1, 139.3, 146.2, 165.6, 167.7, 168.0, 212.5 
HRMS (ESI): [M+Na]+ calcd for C23H27BrO7Na: 517.0832, found: 517.0837 
IR(neat) ν 2982, 1741, 1727, 1656, 1473, 1443, 1371, 1338, 1228, 1176, 1094, 1029, 981, 864, 758, 732 
cm-1 
[α]D 26 +34.1 (c 1.7, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.40 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 6:1; flow 




10.1 Typical procedure of the asymmetric Michael reaction of a,b-unsaturated aldehyde and silyl 
enol ether 10-15 
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and H2O (27 µL, 1.5 mmol) in MeCN (500 µL), diphenylprolinol silyl ether 10-12 (22.5 mg, 0.05 mmol) 
were added at room temperature. After stirring the reaction mixture at this temperature for 6 h, 
Ph3P=CHCO2Et was added. After stirring the reaction mixture at room temperature for 2 hour, the reaction 
mixture was directly purified by column chromatography on silica gel (n-Hexane: EtOAc = 12:1~10:1) to 
give the target compound (145 mg, 0.485 mmol) in 97% yield (syn: anti=6:1). The enantiomeric ratio was 
determined by HPLC using CHIRALPAC® ID (n-Hexane: i-PrOH = 50:1; flow rate 1.0 ml/min, minor 
isomer tR =27.4 min, major isomer tR = 29.6 min) (99% ee). All Spectrum data of target compounds were 
matched to reported data10-1). 
 
10.2. Typical procedure of the Michael reaction of a,b-unsaturated aldehyde and silyl enol ether 10-
16 
 
  To a solution of silyl enol ether 10-16 (170 mg, 1.0 mmol), cinnamaldehyde 10-11 (66.1 mg, 0.50 mmol) 
and H2O (27 µL, 1.5 mmol) in MeCN (500 µL), diphenylprolinol silyl ether 10-12 (22.5 mg, 0.05 mmol) 
were added at 0 ºC. After stirring the reaction mixture at this temperature for 36 h, the reaction mixture was 
directly purified by column chromatography on silica gel (n-Hexane: EtOAc = 12:1~10:1) to give the target 
compound 10-21 (97.0 mg, 0.425 mmol) in 85% yield (syn: anti = 7:1). 
(R)-3-((S)-2-Oxocyclohex-3-en-1-yl)-3-phenylpropanal (10-21) 
 
Yield: 88% (100 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 Mz) δ 1.44 (m, 1H), 1.80 (m, 1H), 2.15 (m, 1H), 2.33 (m, 1H), 1.63 (m, 1H), 1.71 
(m, 1H), 2.06 (m, 2H), 2.39 (m, 2H), 2.50 (dt, J = 4.4, 8.8 Hz, 1H), 2.76 (ddd, J = 2.0, 8.8, 17.2 Hz, 1H), 
2.93 (ddd, J = 1.2, 5.6, 17.2 Hz, 1H), 3.71 (dt, J = 5.6, 8.8 Hz, 1H), 5.91 (td, J = 2.0, 10.4 Hz, 1H), 6.86 
(td, J = 4.0, 10.4 Hz, 1H), 7.16 (m, 3H), 7.24 (m, 2H), 9.53 (d, J = 1.6 Hz, 1H) 
13C NMR (CDCl3) δ 24.0, 25.2, 37.8, 48.3, 50.9, 126.8, 128.1, 128.1, 128.5, 128.5, 129.1, 141.4, 149.6, 
200.6, 200.9  








MeCN, 0 ºC, 12 h
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IR(neat)ν 1722, 1672, 1494, 1453, 1288, 1219, 1126, 703 cm-1 
[α]D 24 -15.6 (c 1.0, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
 
10.3. Wittig reaction to determinane the value of ee 
 
  To a solution of aldehyde 10-21 (22.8 mg, 0.10 mmol) in toluene (100 µL), Ph3P=CHCO2Et (69.6 mg, 
0.20 mmol) were added at room temperature. After stirring the reaction mixture at this temperature for 1 
hour, the reaction mixture was directly purified by column chromatography on silica gel (n-Hexane: EtOAc 
= 6:1) to give the target compound (28.3 mg, 0.095 mmol) in 95% yield (syn: anti = 7:1). 
  The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane:  i-PrOH = 30:1; 





Yield: 95% (28.3 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 Mz) δ 1.22 (t, J = 7.2 Hz, 3H), 1.43-1.52 (m, 1H), 1.80-1.98 (m, 2H), 2.16-2.26 (m, 
1H), 2.28-2.38 (m, 1H), 2.52-2.60 (m, 3H), 2.62-2.69 (m, 1H), 3.34 (dt, J = 5.6, 8.4 Hz, 1H), 4.10 (q, J = 
7.2 Hz, 2H), 5.72 (dd, J =1.6, 15.6 Hz, 1H), 5.96 (td, J = 2.0, 10.0 Hz, 1H), 6.72 (td, J = 7.2, 15.6 Hz, 1H), 
6.87 (td, J = 3.6, 10.0 hz, 1H), 7.15-7.22 (m, 3H), 7.26-7.31 (m, 2H) 
13C NMR (CDCl3, 100 Mz) δ 14.2, 24.4, 25.0, 36.5, 42.8, 51.1, 60.1, 122.9, 126.8, 128.4, 128.4, 128.5, 
128.5, 129.4, 141.1, 146.7, 149.4, 166.3, 200.7 
HRMS (ESI): [M+Na]+ calcd for C19H24O3 Na: 321.3712, found: 321.3712 
IR(neat)ν 1717, 1673, 1453, 1388, 1367, 1271, 1209, 1154, 1042, 703 cm-1 
[α]D 24 -24.3 (c 0.60, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane:  i-PrOH = 30:1; 
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10.4. Typical procedure of the Michael/Michael reaction of silyl dienol ether 5a and a,b-enal 
 
  To a solution of silyl enol ether 10-16 (170 mg, 1.0 mmol), cinnamaldehyde 10-11 (66.1 mg, 0.50 mmol) 
and H2O (45 µL, 2.5 mmol) in MeCN (500 µL), diphenylprolinol silyl ether 10-12 (44.9 mg, 0.10 mmol) 
were added at 0 ºC. After stirring the reaction mixture at this temperature for 12 h, to a crude mixture i-
PrOH (2.5 mL) was added at reflux. After stirring the reaction mixture at this temperature for 8 h, a crude 
mixture was concentrated under reduced pressure. To a crude mixture in toluene (500 µL), Ph3P=CHCO2Et 
was added at room temperature. After stirring the reaction mixture at this temperature for 2 h, the reaction 
mixture was directly purified by column chromatography on silica gel (n-Hexane: EtOAc = 12:1~10:1) to 
give the target compound 10-22 (116 mg, 0.390 mmol) in 78% yield (single isomer). 
   The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane: i-PrOH = 30:1; 
flow rate 1.0 ml/min, major isomer tR = 23.7 min, minor isomer tR = 28.4 min) (98% ee). 
 
2.6. Compounds information 
 
Ethyl (E)-3-((1S,2R,3R,4S)-5-oxo-3-phenylbicyclo[2.2.2]octan-2-yl)acrylate (Table 10-6., entry 1) 
 
Yield: 78% (116 mg) 
Physical State: Yellow amorphis 
1H NMR (CDCl3, 400 Mz) δ 1.27 (t, J = 7.2 Hz, 3H), 1.65 (m, 1H), 1.87 (m, 1H), 2.00 (m, 2H), 2.24 (m, 
1H), 2.44 (m, 2H), 2.59 (t, J = 8.0 Hz, 1H), 2.94 (d, J = 8.0 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 5.78 (d, J = 
15.6 Hz, 1H), 7.10 (m, 2H), 7.18 (m, 1H), 7.25 (m, 2H) 
13C NMR (CDCl3, 100 Mz) δ 14.2, 18.8, 29.7, 33.0, 45.3, 48.3, 48.3, 48.8, 60.5, 121.9, 126.9, 127.2, 127.2, 
128.7, 128.7, 143.2, 149.5, 166.4, 215.1 
HRMS (ESI): [M+Na]+ calcd for C19H22O3Na: 321.3712, found: 321.3713 
IR(neat)ν 1717, 1652, 1277, 1166, 1039, 701 cm-1 
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Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane:  i-PrOH = 30:1; 
flow rate 1.0 ml/min, major isomer tR = 23.7 min, minor isomer tR = 28.4 min) (98% ee). 
 
Ethyl (E)-3-((1S,2R,3R,4S)-3-(naphthalen-2-yl)-5-oxobicyclo[2.2.2]octan-2-yl)acrylate (Table 10-6., 
entry 2) 
 
Yield: 74% (129 mg) 
Physical State: Clear amorphis 
1H NMR (CDCl3, 400 Mz) δ 1.26 (t, J = 7.2 Hz, 3H), 1.70 (m, 1H), 2.04 (m, 3H), 2.28 (s, 1H), 2.48 (m, 
1H), 2.58 (s, 1H), 2.71 (t, J = 8.0 Hz, 1H), 3.12 (d, J = 8.0 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 5.79 (d, J = 
15.6 Hz, 1H), 7.16 (m, 2H), 7.43 (m, 2H), 7.54 (s, 1H), 7.78 (m, 2H) 
13C NMR (CDCl3, 100 Mz) δ 14.2, 18.8, 24.6, 33.1, 45.4, 48.2, 48.4, 48.8, 60.5, 122.0, 125.5, 125.6, 125.8, 
126.2, 127.5, 127.8, 128.6, 132.3, 133.4, 140.5, 149.5, 166.4, 215.1 
HRMS (ESI): [M+Na]+ calcd for C23H24O3Na: 371.1618, found: 371.1615 
IR(neat)ν 1717, 1653, 1171, 1168, 817, 748 cm-1 
[α]D 24 +64.5 (c 1.2, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane:  i-PrOH = 30:1; 
flow rate 1.0 ml/min, major isomer tR = 34.1 min, minor isomer tR = 41.8 min) (99% ee). 
 
Ethyl (E)-3-((1S,2R,3R,4S)-5-oxo-3-(p-tolyl)bicyclo[2.2.2]octan-2-yl)acrylate (Table 10-6., entry 3) 
 
Yield: 76% (119 mg) 
Physical State: Yellow amorphis 
1H NMR (CDCl3, 400 Mz) δ 1.26 (t, J = 7.2 Hz, 3H), 1.64 (m, 1H), 1.92 (m, 3H), 2.23 (m, 1H), 2.27 (s, 
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= 15.6 Hz, 1H), 6.95 (d, J = 8.0 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H), 7.08 (dd, J = 9.6, 15.6 Hz, 1H) 
13C NMR (CDCl3, 100 Mz) δ 14.1, 14.2, 18.9, 22.6, 31.6, 33.0, 45.3, 48.0, 48.3, 49.0, 60.5, 121.8, 127.0, 
127.0, 129.4, 129.4, 136.4, 140.2, 149.6, 166.5, 215.1 
HRMS (ESI): [M+Na]+ calcd for C20H24O3Na: 335.1618, found: 335.1618 
IR(neat)ν 1719, 1651, 1516, 1368, 1277, 1165, 1109, 1041, 984, 814 cm-1 
[α]D 24 +35.6 (c 1.0, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane:  i-PrOH = 30:1; 
flow rate 1.0 ml/min, major isomer tR = 20.7 min, minor isomer tR = 24.8 min) (99% ee). 
 
Ethyl (E)-3-((1S,2R,3R,4S)-3-(4-methoxyphenyl)-5-oxobicyclo[2.2.2]octan-2-yl)acrylate (Table 10-6., 
entry 4) 
 
Yield: 74% (122 mg) 
Physical State: Clear amorphis 
1H NMR (CDCl3, 400 Mz) δ 1.26 (t, J = 7.2 Hz, 3H), 1.62 (m, 1H), 1.91 (m, 3H), 2.22 (m, 1H), 2.42 (m, 
2H), 2.54 (t, J = 8.0 Hz, 1H), 2.88 (d, J = 7.2 Hz, 1H), 3.75 (s, 3H), 4.17 (q, J = 7.2 Hz, 2H), 5.77 (d, J = 
15.6 Hz, 1H), 6.79 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.4 Hz, 2H), 7.08 (dd, J = 9.6, 15.6 Hz, 1H) 
13C NMR (CDCl3, 100 Mz) δ 14.2, 18.7, 24.4, 32.9, 45.3, 47.6, 48.5, 49.1, 55.2, 60.5, 114.1, 114.1, 121.8, 
128.2, 128.2, 135.3, 149.5, 158.4, 166.4, 215.2 
HRMS (ESI): [M+Na]+ calcd for C20H24O4Na: 351.1567, found: 351.1567 
IR(neat)ν 1719, 1651, 1611, 1515, 1252, 1182, 1036, 829 cm-1 
[α]D 24 +27.4 (c 0.34, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.40 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane:  i-PrOH = 10:1; 








 - 191 - 
Ethyl (E)-3-((1S,2R,3R,4S)-3-(4-fluorophenyl)-5-oxobicyclo[2.2.2]octan-2-yl)acrylate (Table 10-6., 
entry 5) 
 
Yield: 75% (119 mg) 
Physical State: Yellow oil 
1H NMR (CDCl3, 400 Mz) δ 1.29 (t, J = 7.2 Hz, 3H), 1.62-1.69 (m, 1H), 1.84-2.07 (m, 3H), 2.25 (m, 1H), 
2.37-2.58 (m, 4H), 2.93 (dd, J = 1.2, 8.4 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 5.78 (dd, J = 1.2, 15.6 Hz, 1H), 
6.93-6.98 (m, 2H), 7.02-7.06 (m, 2H), 7.08 (dd, J = 7.6, 15.6 Hz, 1H) 
13C NMR (CDCl3, 100 Mz) δ 14.2, 18.7, 24.3, 33.0, 45.3, 47.6, 48.6, 48.8, 60.52, 115.5 (d, JC-F = 21 Hz), 
115.5 (d, JC-F = 21 Hz), 122.1, 128.7 (d, JC-F = 8.0 Hz), 128.7 (d, JC-F = 8.0 Hz), 138.9 (d, JC-F = 4.0 Hz), 
149.1, 161.7 (d, JC-F = 244 Hz), 166.3, 214.9 
HRMS (ESI): [M+Na]+ calcd for C19H21FO3Na: 339.1367, found: 339.1367 
IR(neat)ν 1719, 1673, 1511, 1115, 1163, 1098, 1042, 835 cm-1 
[α]D 24 +29.0 (c 1.4, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane:  i-PrOH = 30:1; 
flow rate 1.0 ml/min, major isomer tR = 24.2 min, minor isomer tR = 28.1 min) (99% ee). 
 
Ethyl (E)-3-((1S,2R,3R,4S)-3-(4-chlorophenyl)-5-oxobicyclo[2.2.2]octan-2-yl)acrylate (Table 10-6., 
entry 6) 
 
Yield: 72% (120 mg) 
Physical State: Yellow amorphis 
1H NMR (CDCl3, 400 Mz) δ 1.29 (t, J = 7.2 Hz, 3H), 1.64-1.77 (m, 1H), 1.86-1.93 (m, 1H), 1.95-2.06 (m, 
2H), 2.24-2.25 (m, 1H), 2.36-2.42 (m, 1H), 2.45-2.47 (m, 2H), 2.51-2.53 (m, 1H), 2.93 (dd, J = 1.2, 8.4 Hz, 
1H), 4.19 (q, J = 7.2 Hz, 2H), 5.77 (dd, J = 1.2, 15.6 Hz, 1H), 7.01 (d, J = 8.4 Hz, 2H), 7.08 (dd, J = 8.0, 
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13C NMR (CDCl3, 100 Mz) δ 14.2, 18.7, 33.0, 45.3, 47.8, 48.5, 48.6, 60.6, 109.3, 122.2, 122.2, 128.5, 
128.5, 128.9, 141.6, 148.9, 166.3, 214.8 
HRMS (ESI): [M+Na]+ calcd for C19H2135ClO3Na: 355.1071, found: 355.1071 
HRMS (ESI): [M+Na]+ calcd for C19H2137ClO3Na: 357.1042, found: 357.1042 
IR(neat)ν 1717, 1653, 1495, 1276, 1167, 1094, 1040, 1013 cm-1 
[α]D 24 +36.1 (c 0.72, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane:  i-PrOH = 30:1; 
flow rate 1.0 ml/min, major isomer tR = 23.3 min, minor isomer tR = 27.9 min) (99% ee). 
 
Ethyl (E)-3-((1S,2R,3R,4S)-3-(4-bromophenyl)-5-oxobicyclo[2.2.2]octan-2-yl)acrylate (Table 10-6., 
entry 7) 
 
Yield: 73% (138 mg) 
Physical State: Yellow amorphis 
1H NMR (CDCl3, 400 Mz) δ 1.27 (t, J = 7.2 Hz, 3H), 1.65 (m, 1H), 1.98 (m, 3H), 2.23 (s, 1H), 2.44 (m, 
3H), 2.89 (d, J = 7.6 Hz, 1H), 3.75 (s, 3H), 4.17 (q, J = 7.2 Hz, 2H), 5.75 (d, J = 15.6 Hz, 1H), 6.94 (d, J = 
8.4 Hz, 2H), 7.06 (dd, J = 9.6, 16 Hz, 1H), 7.37 (d, J = 8.4 Hz, 2H) 
1H NMR (d-Benzene) δ 0.83-0.91 (m, 1H), 0.93 (t, J = 7.2 Hz, 3H), 1.12-1.33 (m, 3H), 1.43 (d, J = 8.1 
Hz, 1H), 1.80-1.85 (m, 2H), 1.93-2.02 (m, 1H), 2.08 (m, 1H), 2.27-2.32 (m, 1H), 3.99 (q, J = 7.2 Hz, 2H), 
5.65 (dd, J = 1.2, 15.6 Hz, 1H), 6.60-6.63 (m, 2H), 6.98 (ddd, J = 0.80, 7.6, 15.6 Hz, 1H), 7.02-7.12 (m, 
2H) 
13C NMR (CDCl3, 100 Mz) δ14.2, 18.7, 24.3, 33.0, 45.3, 47.8, 48.4, 48.5, 60.6, 120.8, 122.2, 128.9, 128.9, 
131.8, 131.8, 142.2, 148.9, 166.3, 214.8 
HRMS (ESI): [M+Na]+ calcd for C19H2179BrO3Na: 399.0566, found: 399.0566 
HRMS (ESI): [M+Na]+ calcd for C19H2181BrO3Na: 401.0549, found: 401.0549 
IR(neat)ν 1717, 1673, 1490, 1368, 1174, 1167, 1076, 1041, 1010 cm-1 
[α]D 24 +32.3 (c 1.7, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
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flow rate 1.0 ml/min, major isomer tR = 26.6 min, minor isomer tR = 33.2 min) (99% ee). 
 
Ethyl (E)-3-((1S,2R,3R,4S)-3-(3-bromophenyl)-5-oxobicyclo[2.2.2]octan-2-yl)acrylate (Table 10-6., 
entry 8) 
 
Yield: 73% (138 mg) 
Physical State: Yellow amorphis 
1H NMR (CDCl3, 400 Mz) δ 1.28 (t, J = 7.2 Hz, 3H), 1.63-1.70 (m, 1H), 1.85-2.05 (m, 3H), 2.25 (m, 1H), 
2.32-2.55 (m, 3H), 2.57 (t, J = 7.2 Hz, 1H), 2.91 (d, J = 7.2 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2 H), 5.78 (dd, J 
= 1.2, 15.6 Hz, 1H), 7.00 (d, J = 8.0 Hz, 1H), 7.07 (dd, J = 7.6, 15.6 Hz, 1H), 7.14 (t, J = 8.0 Hz, 1H), 7.23 
(m, 1H), 7.33 (m, 1H) 
13C NMR (CDCl3, 100 Mz) δ 14.2, 18.7, 24.3, 33.0, 45.3, 48.0, 48.6, 60.6, 122.2, 125.7, 130.1, 130.4, 
130.4, 130.5, 130.5, 145.4, 148.8, 166.3, 214.4 
HRMS (ESI): [M+Na]+ calcd for C19H2179BrO3Na: 399.0566, found: 399.0566 
HRMS (ESI): [M+Na]+ calcd for C19H2181BrO3Na: 401.0549, found: 401.0549 
IR(neat)ν 1717, 1652, 1477, 1369, 1275, 1168, 1040, 984, 782, 698 cm-1 
[α]D 24 +31.7 (c 1.1, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.50 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane:  i-PrOH = 30:1; 
flow rate 1.0 ml/min, major isomer tR = 25.0 min, minor isomer tR = 32.5 min) (99% ee). 
 
Ethyl (E)-3-((1S,2R,3R,4S)-3-(furan-2-yl)-5-oxobicyclo[2.2.2]octan-2-yl)acrylate (Table 10-6., entry 
9) 
 
Yield: 51% (73.5 mg) 
Physical State: Brown oil 
1H NMR (CDCl3, 400 Mz) δ 1.30 (t, J = 7.2 Hz, 3H), 1.58-1.62 (m, 1H), 1.85-1.99 (m, 3H), 2.25 (m, 1H), 
2.38 (m, 2H), 2.57 (m, 1H), 2.73 (dt, J = 2.0, 7.6 Hz, 1H), 3.07 (dd, J = 1.6, 7.6 Hz, 1H), 4.20 (q, J = 7.2 
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J = 7.2, 15.6 Hz, 1H), 7.28 (dd, J = 0.80, 1.6 Hz, 1H) 
13C NMR (CDCl3, 100 Mz) δ 14.2, 18.9, 23.4, 32.9, 41.4, 44.9, 45.0, 46.9, 60.5, 105.3, 110.1, 122.0, 142.0, 
149.4, 155.7, 166.5, 213.8 
HRMS (ESI): [M+Na]+ calcd for C17H20O4Na: 311.1254, found: 311.1254 
IR(neat)ν 1718, 1652, 1369, 1271, 1179, 1041, 984, 738 cm-1 
[α]D 24 +21.2 (c 1.3, CHCl3) 
Rf (n-Hexane: EtOAc = 3:1, color reagent: Hanessian’s stain reagent): 0.40 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® ID (n-Hexane:  i-PrOH = 30:1; 
flow rate 1.0 ml/min, major isomer tR = 27.8 min, minor isomer tR = 32.0 min) (99% ee). 
 
10.5. The determination of the absolute configuration of 7aa 
 
  To a solution of silyl enol ether 10-16 (170 mg, 1.0 mmol), cinnamaldehyde 10-11 (66.1 mg, 0.50 mmol) 
and H2O (45 µL, 2.5 mmol) in MeCN (500 µL), diphenylprolinol silyl ether 10-12 (44.9 mg, 0.10 mmol) 
were added at 0 ºC. After stirring the reaction mixture at this temperature for 12 h, solvent was removed 
under reduced pressure. To a crude mixture in t-BuOH/H2O (3:1) (400 µL), NaHPO4·H2O (107 mg, 0.75 
mmol), 2-metyhl-2-butene (106 µL, 1.0 mmol) and NaClO2 (45.2 mg, 0.5 mmol) were added at room 
temperature. After stirring the reaction mixture at this temperature for 5 min, to a crude mixture TMSCHN2 
(0.6 mol/L in n-Hexane, 100 µL, 0.6 mmol), Et2O (400 µL) and MeOH (100 µL) were added at room 
temperature. After stirring the reaction mixture at this temperature for 10 min, solvent was removed under 
reduced pressure. To a crude mixture in MeOH (500 µL), Pd/C (Pd 10%) (106 mg, 0.050 mmol) were 
added at room temperature. The reaction mixture was stirred at this temperature for 2 h under H2 atmosphere 
(1 atm). After filtration, the reaction mixture was quenched by water (20 mL). Upon completion, EtOAc 
(40 mL) was added and the mixture was washed with water (2×20 mL). The combined organic extracts 
were washed with sat. aq. NaCl solution (20 mL). Then, the combined organic extracts were dried with 


































MeOH, rt, 12 h
61% yield




[α]27D = -21.2 (c = 1.1)
lit. [α]20D = -22.9 (c = 1.1)
10-23
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reaction mixture was purified by column chromatography on silica gel (n-Hexane: EtOAc = 6:1) to give 
the target compound (79.3 mg, 0.305 mmol) in 61% yield (single isomer). All Spectrum data of target 
compound were matched to reported data10-2). Reported value of optical rotation is [a]D20 -22.9 (c 1.1 CHCl3) 
and observed one was [a]D27 -21.2 (c 1.1 CHCl3). Thus, absolute configuration of compound 10-23 is same 
to reported one. 
 
10.6. Kinetic resolution 
 
  To a solution of (±)-compound 10-21 (22.8 mg, 0.1 mmol) and H2O (5.4 µL, 0.3 mmol) in i-PrOH (400 
µL) catalyst 10-12 (8.9 mg, 0.02 mmol) was added at reflux. After stirring the reaction mixture at this 
temperature for 3.5 h, solvent was removed under reduced pressure. To a crude mixture in toluene (300 
µL) Ph3PC=HCO2Et (69.6 mg, 0.20 mmol) was added at room temperature. After stirring the reaction 
mixture at this temperature for 2 h, the reaction mixture was directly purified by column chromatography 
on silica gel (n-Hexane: EtOAc = 6:1) to give compound 10-22 (12.6 mg, 0.042 mmol) in 42% yield with 
36% ee and enantiomer of compound ent-10-22 (10.5 mg, 0.035 mmol) in 35% yield with 36% ee. The 
value of s was 3.07. The value of s was calculated followed by below equation. 
 
S = !"	[%&'(%)** + ]!"	[%&'(%&** + ], c = 
**	(+)
**	 + )**	(.),  
ee(P); ee value of product, ee(S); ee value of reactant 
 
10.7. References 
[10-1] Y. Hayashi, N. Umekubo, Angew. Chem. Int. Ed. 2018, 57, 1958. 
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Chapter 11. 
 
11.1. Typical procedure of asymmetric domino Michael/Michael reaction to provide bicyclo[2.2.2] 
octanone skelton containing quatnary carbon center 
 
  To a solution of ketone 11-9 (18.2 mg, 0.15 mmol) and cinnamaldehyde 11-6 (39.6 mg, 0.30 mmol) in 
i-PrOH (0.30 mL), H2O (8.1 µL, 0.45 mmol), 4-dimethoxyaminobenzic acid (9.91 mg, 0.060 mmol) and 
catalyst 11-16 (13.5 mg, 0.030 mmol) were added at 50 ºC. After stirrfd at this temperature for 24 hours, 
its solvent was removed by concentration under reduced pressure. The residue was directly purified by 
column chromatography on silica gel (n-Hexane: EtOAc =9:1) to give corresponding compound 11-15 
(28.3 mg, 0.113 mmol) in 75% isolated yield. 
 
11.2. Compound information 
 
(1R,2S,3R,4S)-2-Formyl-5-oxo-3-phenylbicyclo[2.2.2]octane-1-carbonitrile (Table 11-3, entry 1) 
 
Yield: 75% (28.1 mg) 
Physical State: Yellow solid (m.p. 58.5~60.5 ºC) 
1H NMR (CDCl3) δ 1.92-2.10 (m, 4H), 2.69 (d, J = 1.6 Hz, 1H), 2.82 (s, 2H), 3.13 (dd, J = 1.6, 7.2 Hz, 
1H), 3.82 (dd, J = 2.0, 6.8 Hz, 1H), 7.06-7.09 (m, 2H), 7.24-7.32 (m, 3H), 10.1 (s, 1H) 
13C NMR (CDCl3) δ 207.7, 198.1, 141.4, 129.2, 129.2, 127.6, 126.8, 126.8, 119.4, 57.5, 47.5, 47.0, 40.0, 
32.1, 24.6, 23.0 
HRMS (ESI): [M+Na]+ calcd for C16H15NO2Na: 276.0995, found: 276.0990 
IR(neat)ν 2243, 1726, 1496, 1454, 1159, 1077, 756, 701, 445, 418 cm-1 
[α]D 26 -30.3 (c 1.0 CHCl3) 
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(1R,2S,3R,4S)-2-Formyl-3-(4-methoxyphenyl)-5-oxobicyclo[2.2.2]octane-1-carbonitrile (Table 11-3, 
entry 2) 
 
Yield: 60% (25.5 mg) 
Physical State: Yellow solid (m.p. 72.6~78.0 ºC) 
1H NMR (CDCl3) δ 1.91-2.12 (m, 4H), 2.65 (d, J = 2.4 Hz, 1H), 2.80 (s, 2H), 3.08 (dd, J = 1.6, 7.2 Hz, 
1H), 3.74-3.81 (m, 1H), 3.78 (s, 3H), 6.82 (d, J = 8.8 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H), 10.1 (s, 1H) 
13C NMR (CDCl3) δ 207.8, 198.2, 158.5, 133.5, 127.9, 127.9, 115.2, 114.5, 114.5, 57.9, 55.3, 47.6, 47.4, 
39.4, 32.1, 24.6, 23.0 
HRMS (ESI): [M+Na]+ calcd for C17H17NO3Na: 306.1101, found: 306.1196 
IR(neat)ν 2245, 1726, 1611, 1515, 1253, 1182, 1032, 833, 733 cm-1 
[α]D 24 -7.90 (c 0.80, CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.10 
 
(1R,2S,3R,4S)-3-(4-Fluorophenyl)-2-formyl-5-oxobicyclo[2.2.2]octane-1-carbonitrile (Table 11-3, 
entry 3) 
 
Yield: 71% (28.9 mg) 
Physical State: Yellow solid (m.p. 65.5~65.6 ºC) 
1H NMR (CDCl3) δ 1.93-2.12 (m, 4H), 2.67 (d, J = 2.0 Hz, 1H), 2.82 (s, 2H), 3.05 (dd, J = 1.2, 7.2 Hz, 
1H), 3.82 (dd, J = 2.0, 7.2 Hz, 1H), 6.97-7.01 (m, 4H), 10.1 (s, 1H) 
13C NMR (CDCl3) δ 207.6, 198.0, 152.4, 135.8 (d, JC-F = 127 Hz), 128.5 (d, JC-F = 8.9 Hz), 128.5 (d, JC-F 
= 8.9 Hz), 119.2, 116 (d, JC-F = 21.3 Hz), 116 (d, JC-F = 21.3 Hz), 57.9, 47.4, 47.0, 39.1, 32.1, 24.6, 22.9 
HRMS (ESI): [M+Na]+ calcd for C16H14FNO2Na: 294.0901, found: 294.0904 
IR(neat)ν 2245, 1727, 1512, 1227, 1162, 837 cm-1 
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Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
 
(1R,2R,3R,4S)-3-(4-Chlorophenyl)-2-formyl-5-oxobicyclo[2.2.2]octane-1-carbonitrile carbonitrile 
(Table 11-3, entry 4) 
 
Yield: 75% (32.4 mg) 
Physical State: Yellow solid (m.p. 65.7~66.0 ºC) 
1H NMR (CDCl3) δ 1.93-2.17 (m, 4H), 2.67 (d, J = 2.0 Hz, 1H), 2.18 (s, 2H), 3.04 (d, J = 0.80 Hz, 1H), 
3.82 (dd, J = 2.0, 7.2 H, 1H), 7.01 (d, J =8.8 Hz, 2H), 7.27 (d, J = 8.8 Hz, 2H), 10.1 (s, 1H) 
13C NMR (CDCl3) δ 207.5, 198.0, 140.0, 133.6, 129.3, 129.3, 128.2, 128.2, 119.2, 57.6, 47.4, 46.8, 39.2, 
32.1, 24.6, 22.9 
HRMS (ESI): [M+Na]+ calcd for C16H14ClNO2: 310.0605, found: 310.0604 
IR(neat)ν 2245, 1727, 1494, 1093, 1013, 910, 831, 733 cm-1 
[α]D 26 -2.65 (c 1.0 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
 
(1R,2S,3R,4S)-3-(4-Bromophenyl)-2-formyl-5-oxobicyclo[2.2.2]octane-1-carbonitrile (Table 11-3, 
entry 5) 
 
Yield: 78% (39.9 mg) 
Physical State: Yellow solid (m.p. 65.5~66.5 ºC) 
1H NMR (CDCl3) δ 1.92-2.09 (m, 4H), 2.66 (d, J = 2.4 Hz, 1H), 2.81 (s, 2H), 3.04 (d, J = 7.2 Hz, 1H), 
3.80 (dd, J = 2.0, 7.2 Hz, 1H), 6.95 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 8.4 hz, 2H), 10.1 (s,1H) 
13C NMR (CDCl3) δ 207.5, 197.8, 140.4, 132.3, 132.3, 128.6, 128.6, 121.6, 119.2, 57.6, 47.4, 46.8, 39.3, 
32.1, 24.6, 22.8 
HRMS (ESI): [M+Na]+ calcd for C16H14BrNO2 Na: 354.0100, found: 354.0100 
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[α]D 26 -2.60 (c 2.5 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
 
(1R,2S,3R,4S)-3-(3-Bromophenyl)-2-formyl-5-oxobicyclo[2.2.2]octane-1-carbonitrile (Table 11-3, 
entry 6) 
 
Yield: 76% (38.9 mg) 
Physical State: Yellow solid (m.p. 63.4~64.0 ºC) 
1H NMR (CDCl3) δ 1.93-2.11 (m, 4H), 2.69 (d, J =2.0 Hz, 1H), 2.83 (s, 2H), 3.07 (d, J = 6.8 Hz, 1H), 3.83 
(dd, J =2.4, 7.2 Hz, 1H), 6.99 (d, J = 7.6 Hz, 1H), 7.18 (d, J =8.0 Hz, 1H), 7.23 (d, J =1.6 Hz, 1H), 7.37-
7.40 (m, 1H), 10.1 (s, 1H) 
13C NMR (CDCl3) δ 207.2, 197.9, 143.7, 130.8, 130.7, 130.7, 130.3, 125.2, 123.2, 57.2, 47.4, 46.7, 39.3, 
32.1, 24.7, 22.9 
HRMS (ESI): [M+Na]+ calcd for C16H14BrNO2 Na: 354.0100, found: 354.0100 
IR(neat)ν 2243, 1727, 1568, 1476, 1075, 785, 737, 696 cm-1 
[α]D 26 -30.3(c 1.0 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
 
(1R,2S,3R,4S)-3-(2-Bromophenyl)-2-formyl-5-oxobicyclo[2.2.2]octane-1-carbonitrile (Table 11-3, 
entry 7) 
 
Yield: 59% (27.6mg) 
Physical State: Yellow solid (m.p. 61.2~61.5 ºC) 
1H NMR (CDCl3) δ 1.94-2.06 (m, 2H), 2.19 (d, J = 10.4 Hz, 2H), 2.57 (d, J = 2.4 Hz, 1H), 2.84 (s, 2H), 
3.26 (dd, J = 1.6, 7.2 Hz, 1H), 4.33 (dd, J = 2.4, 7.6 Hz, 1H), 6.95 (dd, J = 1.2, 8.0 Hz, 1H), 7.14 (dt, J = 
1.2, 7.6 Hz, 1H), 7.29 (dt, J = 1.2, 7.6 Hz, 1H), 7.60 (dd, J = 1.6, 8.0 Hz, 1H), 10.0 (s, 1H) 
13C NMR (CDCl3) δ 206.8, 197.1, 139.2, 133.9, 129.3, 128.2, 127.0, 125.0, 119.5, 55.4, 47.5, 47.0, 39.7, 
32.2, 24.7, 22.6 
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IR(neat)ν 2244, 1728, 1470, 1268, 1024, 755, 448 cm-1 
[α]D 26 -10.6 (c 0.40 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
 
(1R,2S,3R,4R)-3-(Dimethyl(phenyl)silyl)-2-formyl-5-oxobicyclo[2.2.2]octane-1-carbonitrile  (Table 
11-3, entry 8) 
 
Yield: 69% (35.3 mg) 
Physical State: Colorless solid (m.p. 81.5~82.2 ºC) 
1H NMR (CDCl3) δ 0.287 (s, 6H), 1.81-1.89 (m, 2H), 2.02 (dd, J = 2.0, 7.2 Hz, 2H), 2.32 (dd, J = 3.2, 18.8 
Hz, 2H), 2.46 (d, J = 2.4 Hz, 1H), 2.58 (d, J = 18.8 Hz, 1H), 2.84 (d, J = 7.6 Hz, 1H), 7.37-7.45 (m, 5H), 
9.81 (s, 1H) 
13C NMR (CDCl3) δ 208.7, 198.8, 138.9, 134.3, 134.3, 130.1, 128.2, 128.2, 114.0, 51.7, 47.3, 42.0, 32.4, 
25.1, 25.0, 22.0, -5.01, -5.31 
HRMS (ESI): [M+Na]+ calcd for C18H21NO2SiNa: 334.1234, found: 334.1233 
IR(neat)ν 2241, 1726, 1254, 813, 737, 702, 478, 447, 437, 413 cm-1 
[α]D 26 -67.4 (c 0.30 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.40 
 
Methyl (1R,2S,3R,4S)-3-(4-bromophenyl)-2-formyl-5-oxobicyclo[2.2.2]octane-1-carboxylate (Table 
11-4., entry 1) 
 
Yield: 51% (27.9 mg) 
Physical State: Yellow solid (m.p. 66.5~67.5 ºC) 
1H NMR (CDCl3) δ 1.96-2.05 (m, 4H), 2.54-2.67 (m, 3H), 3.19 (d, J =7.6 Hz, 1H), 3.63 (dd, J = 2.0, 7.6 
Hz, 1H), 3.77 (s, 3H), 6.99 (d, J = 7.6 Hz, 2H), 7.42 (d, J =8.8 Hz, 2H), 9.80 (s, 1H) 
13C NMR (CDCl3) δ 211.4, 199.8, 173.3, 141.5, 132.1, 132.1, 129.5, 128.7, 128.7, 57.9, 52.7, 47.9, 47.5, 
45.3, 41.1, 23.3, 22.2 
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IR(neat)ν 1726, 1671, 1490, 1254, 1073, 1010 cm-1 
[α]D 26 -14.2 (c 0.75 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
 
(1R,2R,3S,4S)-3-(4-Bromophenyl)-1-((4-bromophenyl)sulfonyl)-5-oxobicyclo[2.2.2]octane-2-
carbaldehyde  (Table 11-4., entry 1) 
 
Yield: 81% (63.9 mg) 
Physical State: Yellow solid (m.p. 85.6~86.0 ºC) 
1H NMR (CDCl3) δ 1.80 (qt, J = 1.6, 8.0 Hz, 1H), 1.91 (qt, J =1.2, 12 Hz, 1H), 2.24 (tt, J = 2.4, 11.2 Hz, 
1H), 2.32 (d, J = 18.0 Hz, 1H), 2.41 (tt, J = 3.2, 12.4 Hz, 1H), 2.59 (dd, J = 3.2, 10.4 Hz, 1H), 2.65 (d, J = 
2.0 Hz, 1H), 3.22 (d, J = 6.0 Hz, 1H), 3.80 (d, J = 10.8 Hz, 1H), 6.88 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 
Hz, 2H), 7.69 (d, J = 8.8 Hz, 2H), 7.77 (d, J =8.8 Hz, 2H), 10.2 (d, J =2.0 Hz, 1H) 
13C NMR (CDCl3) δ 207.9, 198.0, 140.1, 140.1, 133.1, 133.0, 132.2, 132.2, 131.7, 131.7, 130.7, 128.6, 
128.6, 121.6, 66.3, 59.9, 47.2, 45.2, 41.2, 23.1, 20.1 
HRMS (ESI): [M+Na]+ calcd for C21H18Br2O4SNa: 546.9185, found: 546.9187 
IR(neat)ν 1725, 1574, 1491, 1389, 1314, 1279, 1148, 1070, 1010, 910, 824, 741, 607, 568, 411 cm-1 
[α]D 26 -42.7 (c 8.0 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
 
11.3. Typical procedure of Wittig reaction to determine the value of ee 
 
  To a solution of compound 11-15 (25.3 mg, 0.10 mmol) in toluene (0.30 mL), Ph3P=CHCO2Et (69.6 mg, 
0.20 mmol) was added at room temperature. After stirred at this temperature for 1 hour, the reaction mixture 
was directly purified by column chromatography on silica gel to give corresponding compound (29.1 mg, 
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Yield: 90% (29.1 mg) 
Physical State: Yellow solid (m.p. 62.3~64.5 ºC) 
1H NMR (CDCl3) δ 1.29 (t, J = 7.2 Hz, 3H), 1.97-2.09 (m, 2H), 2.13-2.19 (m, 1H), 2.31-2.41 (m, 1H), 
2.62 (q, J = 2.0 Hz, 1H), 2.74 (dd, J = 2.8, 18.8 Hz, 1H), 2.84 (d, J = 18.8 Hz, 1H), 2.35 (d, J = 8.8 Hz, 1H), 
3.04 (dd, J = 1.6, 7.6 Hz, 1H), 4.20 (q, J =7.2 Hz, 2H), 5.92 (dd, J = 1.2, 15.6 Hz, 1H), 7.03-7.50 (m, 2H), 
7.07 (dd, J = 8.8, 15.6, 1H), 7.21-7.32 (m, 3H) 
13C NMR (CDCl3) δ 208.1, 165.5, 143.6, 141.0, 129.1, 129.1, 127.6, 127.0, 127.0, 126.2, 120.0, 60.8, 50.3, 
48.0, 47.7, 47.5, 36.2, 23.7, 23.5, 14.2 
HRMS (ESI): [M+Na]+ calcd for C20H21NO3Na: 346.1414, found: 346.1413 
IR(neat)ν 2243, 1726, 1716, 1655, 1454, 1370, 1277, 1237, 1182, 1157, 1033, 984, 759, 701 cm-1 
[α]D 26 +26.5 (c 0.50 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane:  i-PrOH = 9:1; 




Yield: 82% (28.2 mg) 
Physical State: Yellow solid (m.p. 81.3~83.1 ºC) 
1H NMR (CDCl3) δ 1.29 (t, J =7.2 Hz, 3H), 1.96-2.07 (m, 2H), 2.11-2.17 (m, 1H), 2.36-2.40 (m, 1H), 2.58 
(q, J =2.0 Hz, 1H), 2.73 (dd, J = 2.8, 18.8 Hz, 1H), 2.78 (d, J = 8.4 Hz, 1H), 2.83 (d, J = 18.8 Hz, 1H), 2.98 
(dd, J = 2.0, 7.6 Hz, 1H), 3.77 (s, 3H), 4.20 (q, J = 7.2 Hz, 2H), 5.90 (dd, J = 0.80, 15.6 Hz, 1H), 6.82 (d, 
J = 8.8 Hz, 2H), 6.95 (d, J = 8.8 Hz, 2H), 7.05 (dd, J = 9.2, 15.6 Hz, 1H) 
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50.6, 47.8, 47.3, 38.8, 37.9, 36.1, 23.6, 14.2 
HRMS (ESI): [M+Na]+ calcd for C21H23NO4Na: 376.1519, found: 376.1519 
IR(neat)ν 2242, 1720, 1655, 1611, 1516, 1465, 1370, 1253, 1182, 1157, 1116, 1033, 984, 832, 734 cm-1 
[α]D 26 +34.3 (c 0.80 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.10 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IB (n-Hexane:  i-PrOH = 3:1; 
flow rate 1.0 ml/min, major isomer tR = 10.4 min, minor isomer tR = 11.7 min) (99% ee). 
 
Ethyl (E)-3-((1R,2S,3R,4S)-1-cyano-3-(4-fluorophenyl)-5-oxobicyclo[2.2.2]octan-2-yl)acrylate  
 
Yield: 86% (29.3 mg) 
Physical State: Yellow solid (m.p. 69.5~71.4 ºC) 
1H NMR (CDCl3) δ 1.30 (t, J = 7.2 Hz, 3H), 1.97-2.10 (m, 2H), 2.12-2.19 (m, 1H), 2.31-2.41 (m, 1H), 
2.60 (q, J = 2.0 Hz, 1H), 2.73 (dd, J = 2.8, 18.8 Hz, 1H), 2.75 (d, J = 16.8 Hz, 1H), 2.85 (d, J = 18.8 Hz, 
1H), 3.02 (dd, J = 1.6, 7.6 Hz, 1H), 4.21 (q, J =7.2 Hz, 2H), 5.90 (dd, J = 0.80, 15.6 Hz, 1H), 6.96-7.01 (m, 
4H), 7.05 (dd, J = 8.8, 15.6 Hz, 1H) 
13C NMR (CDCl3) δ 207.9, 165.4, 150.4, 143.2, 138.1 (d, JC-F = 205 Hz), 128.6 (d, JC-F = 8.1 Hz), 128.6 
(d, JC-F = 8.1 Hz), 126.4, 119.8, 116.0 (d, JC-F = 21.3 Hz), 116.0 (d, JC-F = 21.3 Hz), 60.9, 50.7, 47.8, 47.4, 
47.3, 36.1, 23.6, 23.4, 14.2 
HRMS (ESI): [M+Na]+ calcd for C20H20FNO3Na: 364.1319, found: 364.1322 
IR(neat)ν 2242, 1719, 1512, 1232, 1181, 836 cm-1 
[α]D 26 +21.5 (c 0.70 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane:  i-PrOH = 4:1; 
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Ethyl (E)-3-((1R,2S,3R,4S)-3-(4-chlorophenyl)-1-cyano-5-oxobicyclo[2.2.2]octan-2-yl)acrylate 
 
Yield: 84% (30.4 mg) 
Physical State: Yellow solid (m.p. 71.3~72.5 ºC) 
1H NMR (CDCl3) δ 1.30 (t, J = 7.2 Hz, 3H), 1.97-2.10 (m, 2H), 2.12-2.19 (m, 1H), 2.31-2.41 (m, 1H), 
2.59 (q, J = 2.0 Hz, 1H), 2.72 (dd, J = 2.8, 18.8 Hz, 1H), 2.74 (d, J = 16.4 Hz, 1H), 2.84 (d, J = 18.0 Hz, 
1H), 3.01 (dd, J = 1.6, 8.0 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 5.90 (dd, J = 1.2, 15.6 Hz, 1H), 6.98 (d, J = 
7.6 Hz, 2H), 7.04 (dd, J = 9.2, 15.6 Hz, 1H), 7.27 (d, J = 8.8 Hz, 2H) 
13C NMR (CDCl3) δ 207.8, 165.4, 143.1, 139.4, 133.6, 129.3, 129.3, 128.4, 128.4, 126.5, 119.8, 60.9, 50.5, 
47.7, 47.4, 47.3, 36.1, 23.5, 23.3, 14.1 
HRMS (ESI): [M+Na]+ calcd for C20H20ClNO3Na: 380.1024, found: 380.1024 
IR(neat)ν 2243, 1725, 1495, 1274, 1182, 1093, 1014, 735 cm-1 
[α]D 26 +26.5 (c 1.8 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane:  i-PrOH = 4:1; 




Yield: 88% (35.1 mg) 
Physical State: Yellow solid (m.p. 70.1~73.4 ºC) 
1H NMR (CDCl3) δ 1.30 (t, J = 7.2 Hz, 3H), 1.97-2.10 (m, 2H), 2.12-2.19 (m, 1H), 2.31-2.41 (m, 1H), 
2.59 (q, J = 2.0 Hz, 1H), 2.72 (dd, J = 2.8, 18.8 Hz, 1H), 2.74 (d, J = 16.8 Hz, 1H), 2.85 (d, J = 18.8 Hz, 
1H), 2.99 (dd, J = 1.2, 7.6 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 5.89 (d, J = 15.6 Hz, 1H), 6.92 (d, J = 8.8 Hz, 
2H), 7.04 (dd, J = 8.8, 15.6 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H) 
13C NMR (CDCl3) δ 207.8, 165.4, 143.1, 139.9, 132.2, 128.7, 128.7, 128.5, 128.5, 121.7, 119.8, 60.9, 50.4, 
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HRMS (ESI): [M+Na]+ calcd for C20H20BrNO3Na: 424.0519, found: 424.0519 
IR(neat)ν 2244, 1717, 1655, 1491, 1273, 1181, 1010, 733 cm-1 
[α]D 26 +55.1 (c 1.5 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane:  i-PrOH = 4:1; 




Yield: 75% (30.0 mg) 
Physical State: Yellow solid (m.p. 69.5~71.2 ºC) 
1H NMR (CDCl3) δ 1.30 (t, J =7.2 Hz, 3H), 1.98-2.10 (m, 2H), 2.12-2.19 (m, 1H), 2.32-2.41 (m, 1H), 2.59 
(q, J = 1.6 Hz, 1H), 2.74 (dd, J = 3.6, 18.8 Hz, 1H), 2.81 (d, J = 8.4 Hz, 1H), 2.85 (d, J = 18.0 Hz, 1H), 
3.00 (dd, J = 1.6, 7.6 Hz, 1H), 4.22 (q, J =7.2 Hz, 2H), 5.93 (d, J = 15.6 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H), 
7.04 (dd, J = 9.2, 15.6 Hz, 1H), 7.18 (t, J = 8.0 Hz, 2H), 7.39 (d, J = 8.0 Hz, 1H) 
13C NMR (CDCl3) δ 207.5, 165.4, 143.0, 130.9, 130.7, 130.4, 126.5, 125.5, 123.1, 121.3, 119.8, 60.9, 50.1, 
47.7, 47.6, 47.3, 36.2, 23.6, 23.4, 14.2 
HRMS (ESI): [M+Na]+ calcd for C20H20BrNO3Na: 424.0519, found: 424.0519 
IR(neat)ν 2242, 1717, 1272, 1182, 984, 783 cm-1 
[α]D 26 +34.4 (c 0.80 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IG (n-Hexane:  i-PrOH = 4:1; 




Yield: 84% (33.4 mg) 
Physical State: Yellow solid (m.p. 68.9~70.0 ºC) 
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(quin, J = 2.0 Hz, 1H), 2.78 (dd, J = 2.4, 18.8 Hz, 1H), 2.88 (d, J = 18.8 Hz, 1H), 2.98 (t, J = 8.8 Hz, 1H), 
3.75 (dd, J = 2.0, 8.4 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 5.90 (dd, J = 0.80, 15.6 Hz, 1H), 6.97 (dd, J = 1.2, 
8.0 Hz, 1H), 7.08 (dd, J = 8.4, 15.6 Hz, 1H), 7.12 (dt, J = 1.6, 8.0 Hz, 1H), 7.28 (dt, J = 1.6, 8.8 Hz, 1H), 
7.57 (dd, J = 1.2, 8.0 Hz, 1H) 
13C NMR (CDCl3) δ 207.2, 165.3, 142.8, 138.9, 133.6, 129.2, 128.2, 127.2, 126.0, 124.9, 60.8, 48.2, 47.8, 
47.5, 46.3, 39.6, 36.2, 23.4, 23.2, 14.7 
HRMS (ESI): [M+Na]+ calcd for C20H20BrNO3Na: 424.0519, found: 424.0519 
IR(neat)ν 2242, 1718, 1471, 1272, 1183, 1157, 1025, 984, 756, 450 cm-1 
[α]D 26 -5.69 (c 0.40 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IB (n-Hexane:  i-PrOH = 4:1; 




Yield: 71% (27.1 mg) 
Physical State: Colorless solid (m.p. 89.8~91.2 ºC) 
1H NMR (CDCl3) δ 0.30 (s, 3H), 0.30 (s, 3H), 1.30 (t, J =7.2 Hz, 3H), 1.82-1.94 (m, 2H), 2.20-2.30 (m, 
2H), 2.41 (q, J = 2.8 Hz, 1H), 2.58 (d, J = 18.8 Hz, 1H), 2.67 (t, J = 8.0 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 
5.74 (d, J = 15.6 Hz, 1H), 6.82 (dd, J = 9.2, 15.6 Hz, 1H), 7.34-7.44 (m, 5H) 
13C NMR (CDCl3) δ 209.2, 165.6, 145.7, 134.7, 134.1, 134.1, 130.0, 128.1, 128.1, 125.2, 120.4, 60.8, 47.5, 
43.7, 42.2, 36.8, 29.6, 25.5, 23.9, 14.2, -4.54, -4.75 
HRMS (ESI): [M+Na]+ calcd for C22H27NO3SiNa: 404.1652, found: 404.1652 
IR(neat)ν 2239, 1718, 1655, 1369, 1267, 1228, 1201, 1158, 1116, 1037, 984, 839, 738, 703 cm-1 
[α]D 26 +43.1 (c 1.5 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® AY-H (n-Hexane:  i-PrOH = 3:1; 













Yield: 78% (46.5 mg) 
Physical State: Colorless solid (m.p. 93.4~95.6 ºC) 
1H NMR (CDCl3) δ 1.30 (t, J =7.2 Hz, 3H), 1.93-2.05 (m, 2H), 2.15-2.22 (m, 1H), 2.46-2.56 (m, 3H), 2.70 
(dd, J = 2.8, 18.4 Hz, 1H), 2.85-2.90 (m, 2H), 4.16-4.24 (m, 2H), 5.57 (d, J = 15.6 Hz, 1H), 6.86 (d, J = 8.4 
Hz, 2H), 7.06 (dd, J = 9.2, 15.6 Hz, 1H), 7.40 (d, J = 8.8 Hz, 2H), 7.66 (d, J = 8.8 Hz, 2H), 7.72 (d, J = 8.8 
Hz, 2H) 
13C NMR (CDCl3) δ 208.2, 165.6, 143.5, 139.4, 134.2, 132.6, 132.6 132.1, 132.1, 131.9, 131.9, 130.2, 
129.1, 129.1, 123.7, 121.7, 65.1, 60.8, 49.1, 48.3, 48.1, 45.3, 23.7, 19.4, 14.2 
HRMS (ESI): [M+Na]+ calcd for C25H24Br2O5SNa: 616.9603, found: 616.9600 
IR(neat)ν 1710, 1645, 1574, 1491, 1468, 1388, 1309, 1272, 1243, 1146, 1068, 1009, 818, 741, 604, 568 
cm-1 
[α]D 26 +33.7 (c 4.2 CHCl3) 
Rf (n-Hexane: EtOAc = 2:1, color reagent: Hanessian’s stain reagent): 0.20 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IB (n-Hexane:  i-PrOH = 3:1; 
flow rate 1.0 ml/min, major isomer tR = 15.7 min, minor isomer tR = 18.0 min) (99% ee). 
 
11.5. Selective acetarization to determine absolute configration 
 
  To a solution of aldehyde (20 mg, 0.055 mmol) in CH2Cl2 (300 µL), 1,2-Bis(trimethylsilyloxy)ethane 
(16.2 µL, 0.066 mmol) and TMSOTf (1.99 µL, 0.011 mmol) was added at 0 ºC. After stirred at this 
temperature for 2 hours, the reaction mixture was quenched by the addition of sat. aq. NaHCO3 (1 mL). It 
was diluted by EtOAc (5 mL). After separation, the aqueous layer was extracted with EtOAc (5 mL) for 



























 - 208 - 
The solvent was removed by evaporation under reduced pressure. The residue was purified by column 
chromatography on silica gel (n-Hexane: EtOAc = 8:1) to give corresponding compound (13.0 mg, 0.0319 





Yield: 58% (13.0 mg) 
Physical State: Colorless solid (m.p. 70.1~73.1 ºC) 
1H NMR (CDCl3) δ 1.70-1.78 (m, 1H), 1.90 (tt, J = 4.0, 14.0 Hz, 1H), 2.01-2.09 (m, 1H), 2.36 (d, J = 19.2 
Hz, 1H), 2.41-2.75 (m, 2H), 2.65-2.71 (m, 2H), 3.22 (dd, J = 2.4, 6.4 Hz, 1H), 3.71 (s, 3H), 3.75-3.90 (m, 
4H), 4.97 (d, J = 4.4 Hz, 1H), 7.04 (d, J = 8.8 Hz, 2H), 7.39 (d, J = 8.8 Hz, 2H) 
13C NMR (CDCl3) δ 212.5, 174.2, 142.8, 131.8, 131.8, 129.1, 129.1, 120.6, 104.6, 65.3, 64.6, 52.1, 49.3, 
48.9, 48.7, 44.9, 43.3, 23.5, 21.9 
HRMS (ESI): [M+Na]+ calcd for C19H21BrO5Na: 431.0465, found: 431.0466 
IR(neat)ν 1729, 1491, 1410, 1253, 1093, 1039, 1009, 945, 826, 730 cm-1 
[α]D 26 +30.6 (c 1.0 CHCl3) 
Rf (n-Hexane: EtOAc = 1:1, color reagent: Hanessian’s stain reagent): 0.70 
The enantiomeric ratio was determined by HPLC using CHIRALPACK® IB (n-Hexane: i-PrOH = 4:1; flow 
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